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HALLUX VALGUS 


FINAL RESULTS IN TWO HUNDRED OPERATIONS * 


MATHER CLEVELAND, M.D. 
NEW YORK 


During the period covered in this report, from 1917 to 1924, 
inclusive, about 300 operations for hallux valgus were performed at the 
New York Orthopedic Dispensary and Hospital. I have been able to 
review the results in 200 of these operations performed on 108 patients. 
The statistics in most instances refer to individual feet and not to the 
patient. The average length of time which elapsed between operation 
and final examination was twenty-eight months. 

The work was done by twenty-five different surgeons, fifteen of 
whom were on the resident staff and ten on the visiting staff. A little 
more than half-of the operations were performed by the members of 


the visiting staff. 
THE PATIENTS 


Ninety per cent of the patients were women, and 80 per cent were 
between the ages of 20 and 60. There were seven patients under 20 
and three over 60 years of age. 

In those patients who gave reasons for submitting to operation, 
pain was found to be the sole cause in 50 per cent; 23 per cent desired 
operative intervention simply because of deformity, and the remainder 
because of both pain and deformity. 

The average duration of the condition was said to be about six 
vears, but this is inaccurate. The question might have been interpreted 
as relating to either symptoms or deformity. One of the patients 
had had bunions for thirty-five years and five had had them more than 
twenty years. 

Sixty-one of the patients had not had previous treatment, and of 
the remaining forty-seven, the majority had merely worn broad shoes, 
arch supports, and other devices, and had been under the care of a 
chiropodist. It is safe to assume that if their treatment had been 
satisfactory they would not have sought operative intervention. 


PREOPERATIVE CONDITION OF FEET 
Limited Dorsal Flexion and Pronation.—Since 93 per cent of the 
patients showed dorsal flexion of the feet limited to 90 degrees or more, 


* From the Clinic of the New York Orthopedic Dispensary and Hospital and 
the Department of Orthopedic Surgery of Columbia University College of 
Physicians and Surgeons. 
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it was thought best to make an arbitrary division between a definitely 
muscle-bound foot and a relatively normal foot at 95 degrees. Sixty- 
seven per cent of the patients presented muscle-bound feet, and 87 per cent 
presented varying degrees of pronation. The relation which limited 
dorsal flexion and pronation bear to hallux valgus is interesting. My 
observations tend to the conclusion that hallux valgus rarely if ever 
occurs in an otherwise normal foot. 


Hallux Valgus.—The deformity due to hallux valgus was designated 
as slight at 20 degrees or less, moderate at 20 to 35 degrees, and severe 
over 35 degrees. The cases were distributed as follows: forty-seven 
cases, or 23 per cent, slight; seventy-five cases, or 37.5 per cent, 
moderate ; seventy-eight cases, or 39 per cent, severe. 

The maximum deformity recorded was 90 degrees in a patient 
50 years of age. Another patient, 19 years old, showed a deformity of 
75 degrees. 

Anterior or Transverse Arch—The ant ior arch was well main- 
tained in only 18 cases and impaired in varying degrees in the remain- 
ing 182, slightly in 39, moderately in 42 and severely in 101 cases. 
Callosities were present on the ball of the foot in proportion to the 
impairment of the arch. 

This impairment of the anterior arch is due to the separation of the 
first and second metatarsal bones distally, a condition which is part of 
the deformity in all except the simplest cases. This separation may be 
due to the presence of an extra bony element, the intermetatarseum, 
which may exist as a small separate bone or be found fused with the 
medial cuneiform or base of the first or second metatarsal. Dwight ' 
found it most commonly fused with the medial cuneiform so that it 
presented an elongation of the outer distal angle of that bone. It is 
conceivable that an extra bone placed at the outer side of this metatarso- 
cuneiform joint, attached either to the metatarsal or cuneiform bone 
might cause a medial deviation of the first metatarsal and consequent 
widening of the first metatarsal space. This region is not distinct in the 
roentgenogram owing to overlapping of joint lines (fig. 1). 

Arthritis —Fifty-five of these patients presented evidence of active 
symptomatic arthritis in the joint of the great toe before operation, 
such as crepitation, swelling and other symptoms. Eight cases were 
classified as severe and the others as mild or moderate. This condition 
has considerable bearing on the end-results and will be dealt with more 
fully later. 


1. Dwight, Thomas: Variations of the Bones of the Hands and Feet, Phila- 
delphia, J. B. Lippincott Company, 1907. 
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Exostosis and Bursa—Since 1922 records have been kept of the 
size of the exostosis which is usually present over the medial side of 
the first metatarsal bone. In the eighty cases reported, the exostosis 

yas described as large in thirty-three, moderate in seventeen and as 

small in three. Removal of an exostosis at operation in twenty cases 
indicated that it was a factor in the deformity and pain, although this 
was not mentioned in the case reports. 

Over the exostosis bursae of varying size, frequently inflamed, were 
noted. The pain attendant on an inflamed bursa over the bunion is 
unquestionably the impelling factor which causes a patient to seek relief. 














Fig. 1—Both feet have been subjected to the same footwear but the right 
shows a marked hallux valgus, while the left shows a slight deformity. It will 
be noted that the deviation of the right first metatarsal bone is marked at the 
base and is caused by a prominent projecting ridge on the outer distal angle 
of the medial cuneiform bone, a fused intermetatarseum. 


Roentgenogram.—Recently it has been our plan to secure a pre- 
operative roentgenogram of the feet in order to see the actual size of 
the metatarsal head and determine in a measure the proper procedure. 
In a number of the later cases in the series these roentgenograms have 
been made, and they have been of value. A postoperative roentgeno- 
gram has also been made in order to check up the operative procedure 
(figs. 2 and 3). 
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Fig. 2.—A, preoperative roentgenograms of a case in which the exostosis was 
widely excised, together with the exostosis on the proximal end of the phalanx; 
B, postoperative condition. 
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Fig. 3.—A, preoperative roentgenogram of a case in which the exostosis on 
f the metatarsal head was widely excised. The exostosis on the proximal end of 
the phalanx was left, and caused subsequent annoyance; B, postoperative 
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OPERATION 


Operative Procedures—The operative procedures fall into five 
groups: (1) resection of. the metatarsal head with removal of the 
exostosis (Mayo operation); (2) simple excision of the exostoses 
without interfering with the joint; (3) resection of the proximal end of 
the first phalanx and removal of the exostosis on the metatarsal head 
(Keller operation) ; (4) excision of the exostosis on the metatarsal 
head, division of the lateral ligaments of the capsule and the adductor 
muscles and realinement of the phalanx and metatarsal bones by means 
of a wedge-shaped flap fashioned from the medial ligament (Silver 
operation), and (5) wedge-shaped osteotomy of the metatarsal or 
proximal phalanx to correct the deformity. 

The cases were distributed among these groups as follows: Resec- 
tion of metatarsal head, 118; excision of exostosis, 38; resection of 
proximal end of phalanx, 22; excision of exostosis with plastic repair, 
15; cuneiform osteotomy, 7. 

As an additional operative procedure, the extensor hallucis longus 
tendon was lengthened in eighty-six cases and divided in four cases. 
This tendon was therefore considered an important deforming factor in 
45 per cent of the entire series. This lengthening is usually part of 
the operative procedure at the present time. 

The achilles tendon was lengthened in thirty-four of the cases in 
which the feet were severely muscle-bound. In nine cases, the exostosis 
on the fifth metatarsal head was excised for varus minimi digiti. 

Days in Hospital—The number of days to be spent in bed is impor- 
tant to the patient and to the hospital, and one should be able to give 
a patient some idea of the length of his stay in the hospital. Before 
1922 the average number of days in bed for all patients was eighteen ; it 
has since been reduced to fourteen and one-half days, a considerable 
saving. 

The convalescent periods for the operative procedures in these cases 
compared as follows: Resection of the metatarsal head, seventeen 
days; excision of exostosis, twelve and one-half days; resection of 
proximal end of phalanx, twenty-one days; plastic repair, sixteen days ; 
osteotomy, fourteen days. 

My experience tends to show that a patient who can devote about 
four weeks to the operation and the immediate postoperative treatment 
is likely to shorten the entire convalescent period. 





POSTOPERATIVE COURSE 


Immediate Postoperative Complications —There were fifteen cases 
of infection, in eleven of which the end-results were good or excellent ; 
all of these were resections. None of the four in which there were 
poor or fair results were resections. 
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The presence of infection did not seem to influence the end-result 
per se. It may have made poor results worse. 


Postoperative Treatment.—The majority of the patients were treated 
by massage and exercise for two or three months. In twelve cases, 
postoperative treatment was not instituted, and in many of these the 
most brilliant results were obtained. In contrast to this, several patients 
who came to the dispensary over a period varying from a year to eighteen 
months after operation achieved a poor final result, which shows con- 
clusively that a poor result cannot be improved by massage. Too active 


massage and manipulation in some cases may be a definite cause of a 


poor end-result. 


Definition of End-Results——Before proceeding to the study of the 
end-results, it may be well to define the four groups by which the vary- 
ing degrees of success or failure in operations for hallux valgus are 
recorded. In each group the cosmetic and functional end-results are 
noted. 

The cosmetic result is determined by the degree of hallux valgus, 
the general appearance of the toe and its alinement with the foot, 
the preoperative condition being taken into consideration. 

The functional result is almost invariably of much greater impor- 
tance to the patient than the cosmetic result. It expresses the mobility of 
the toe, the amount of control which the patient has over it and its 
general usefulness and efficiency in the propulsion of the body in 
walking. The absence or presence of pain is another important factor 
in determining this end-result. 

An excellent functional result should have roughly the following 
features: over 35 degrees of extension and about 20 degrees of flexion 
of the toe. Control of the toe should be free. A good result should 
have an extension of 20 to 35 degrees and a flexion of 10 to 20 degrees. 
Control of the toe should be almost free: A fair result should have an 
extension of 10 to 20 degrees, flexion less than 10 degrees, and control 
of the toe is limited. A poor result has less than 10 degrees of extension, 
flexion and control of the toe are almost lacking. 

In judging the end-result, the importance of extension of the meta- 
tarsophalangeal joint cannot be overemphasized. Since all the “take-off” 
or final propulsion in walking takes place through this joint, a consider- 
able degree of extension is necessary to an easy, painless gait. 

It is possible to have an excellent cosmetic result in a stiff, useless and 
painful toe with a poor functional result. 

When only one unqualified result is expressed, I have attempted to 
average cosmetic and functional results. 









CLEVELAND—HALLUX 





VALGUS 


END-RESULTS IN AUTHOR'S SERIES 






The end-results in this series may be subjected to criticism from two Hn 
standpoints: the small number of cases in some of the groups and the | 
large number of surgeons of varying experience who performed the 
operations. A record of 76.5 per cent of good or excellent results there- 
fore seems creditable. 







The Great Toe.—The deformity was improved most by osteotomy 
which resulted in 30 degrees of correction, and least by simple excision 
of the exostosis which gave 5 degrees of correction. Twenty degrees 
correction was obtained in both types of resection, and only 8 degrees 
in the plastic operation (table 4). 

Resection of the metatarsal head allowed an average extension of 
over 40 degrees, while the osteotomy resulted in an extension of only 
12 degrees; the resections of the phalanx allowed an extension of 
33 degrees; the plastic operations, 35 degrees, and the excision of 
exostosis, 28 degrees. 

Flexion of the metatarsophalangeal joint was about 10 degrees in 
all of the various types of operative procedure, except in the removal of 
an exostosis, which resulted in an average flexion of 18 degrees. 

Control of the toes was much better in the excisions for exostosis, 
which showed 92 per cent good or excellent results. The resection of 
the metatarsal heads and resection of the phalanx showed 70 per cent 
and 82 per cent good or excellent results, respectively, while the oste- 
otomy and plastic procedures yielded only 41 per cent and 60 per cent 
of good or excellent results. 

These results bear out the feeling that the less one interferes with 
the joint surfaces of the first metatarsal and the proximal phalanx, the 
greater will be the subsequent mobility of the joint. The exception to 
this is the joint with distinct limitation of motion of the hallux rigidus 
type (table 4). 


























The Foot as a Whole——The anterior arch was found to be severely 
impaired in 101 patients before operation, and in 128 after operation, 
and slightly impaired in 39 patients before operation, and in 28 after 
operation. So there was apparently an increase in this deformity in 
spite of operative procedure and postoperative treatment. 

This increased impairment in the anterior arch is due to shortening 4 
of the metatarsal head, which disturbs to some extent the normal three 
point support of the foot, that is, the heel and the heads of the first and 
fifth metatarsal bones. In making a resection of the head of the meta- : 
tarsal, a minimal amount of bone should be removed. 

The influence of the flattened or inverted anterior arch is shown in 
table 1. In comparing the cases in which there were severely or mod- il 
erately impaired anterior arches, noted before operation, with those pre- | 
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senting but slight impairment or none, it is seen that in the first group 
there is a smaller number of good or excellent results. Good results 
were obtained in all cases in which the anterior arch was not impaired 
or only slightly flattened. Unquestionably, a foot with a severely 
impaired anterior arch is more difficult to deal with than a relatively 
normal foot (table 1). 

Callosities beneath the metatarsal heads were unaffected or increased 
in 73 per cent of all cases, and they were improved in 27 per cent. 

Dorsal Flexion: Before operation, dorsal flexion was found to be 
limited to 95 degrees and over in 135 cases, and after operation it was 





TaBLe 1.—The Effect of Flattening of the Anterior Arch on the End-Result 





























Moderate or Severe, Slight or None, Entire Series, 
End-Result Percentage Percentage Pereentage 
RNa 6 tiie air te sind adds Oud Os des beasts Oe 35 49 40 
Ne Riu.caepdadd obeuere 33 40.6 36.5 
a ee 18 10.2 16 
Ss ssc echdackasandksesewies 13.2 is 7.5 
TasLe 2.—Influence of Preoperative Arthritis on End-Result 
Slight, Moderate, Severe, Entire Series, 
End-Result Percentage Percentage Percentage Percentage 
PO évnidcdededneueesiaces 43 24 8 40 
| RRR IR tegarE EES ore 4 14 48 16 36.5 
Rae ee 28 7 42 16 
Pa Shawn cecuwedssd asecctiangs 14 21 22 7.5 
TABLE 3.—Influence of Postoperative Arthritis on End-Result 
Slight, Moderate, Severe, Entire Series, 
End-Result Percentage Percentage Percentage Percentage 
iidiict gvb8ktos00ss0eets< 45 4 a 40 
Cad caehawatenethvness vhse:4% 55 48 mf 36.5 
is awe dshtis thineeh sa seneoe “ ll 25 16 
Pe hed nic Wacimtinninek yes vanes 37 75 7.5 








thus limited in 100 cases. The difference corresponds almost exactly to 
the thirty-four cases in which the achilles tendon was lengthened for 
symptoms referable to a short calf. 

Pronation was noted as moderate or severe before the operative 
procedure in 138 cases, and in 136 afterward. Operation did not make 
any essential change in this respect. 

Arthritis —Arthritis in the joint of the great toe before operation 
had a marked effect on the end-result. Fifty-five cases gave evidence of 
active arthritis in the metatarsophalangeal joint before operation. The 
presence of arthritis was determined by roentgen-ray examination in 
six of these cases. Table 2 shows the high percentage of cases with 
arthritis in which poor or fair end-results were obtained. 
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After operation, at the final examination, arthritis was noted in forty- 
six cases. The percentage of poor results is very high among the 
patients who had this complication in moderate or severe degree 
(table 3). 

In view of these observations in regard to the influence of arthritis 
on the end-results, it is worth while to institute antiarthritic measures in 
any case of hallux valgus which presents the slightest evidence of an 
arthritic tendency. 


COMPARISON OF THE OPERATIVE PROCEDURES 


In comparing the various types of operative procedures, it would be 
unfair to condemn any of those which were used in only a few cases. 
In my experience, however, the resection of the metatarsal head has 
been the most satisfactory procedure in the greatest number of cases. It 
has given good flexion and extension and control of the toe, a marked 


TABLE 4.—Comparative End-Results 











Hallux Average Average Control Goodor Goodor 
Valgus No. of No. of of Toe, Excellent Excellent 
Improve- Degrees of Degrees of Goodor Cosmetic Functional 
ment in Exten- Flexion Excellent, Results, Results, 


Deformity, sion of of Per- Per- 
Degrees Great Toe Great Toe centage centage centage 

Resection of metatarsal head.. 20 42 9.5 70 8s 82 
Excision of exostosis........... 5 28.5 18 92 47 86 
Resection of proximal end of 

Pes dee 0s taneeccoe 20 33 10 82 63 50 
Plastic repair together with 

excision of exostosis......... 8 35 13 60 73 66 
SITs caldbncwscccteesiens 30 12 8 41 70 28 








improvement in the deformity and a large percentage of good or excellent 
results. The simple excision of exostosis, together with at least one 
third of the metatarsal head, does not attempt to correct the deformity, 
per se. It does not interfere in any way with the joint and gives good 
mobility and control of the toe, and, by removal of a painful deformed 
overgrowth of the bone, makes the foot infinitely more comfortable. 
If properly performed, with wide excision of the exostosis and removal 
of the projecting lip on the first phalanx, it is a satisfactory procedure. 

Table 4 shows a comparison of the end-results obtained in each of 
the various operative procedures. 


CAUSES OF FAILURE 


The most important cause of failure to achieve a good result must 
be attributed to arthritis in the metatarsophalangeal joint. Many of 
these arthritic patients should perhaps not be subjected to operative 
intervention. If operation is indicated and the mobility of the joint is 
much limited, a resection should be made. The removal of a painful 
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exostosis is a useful procedure in many of these cases in which there 
is relatively free motion in the metatarsophalangeal joint. 

Severe deformity of the foot as a whole, especially of the anterior 
arch, must be acknowledged as predisposing to a poor result. None of 
the operative procedures will rehabilitate completely a deformed foot 
with inverted anterior arch, metatarsalgia and widespread first inter- 
osseous space. 

In patients with badly deformed feet, postoperative treatment, such 
as proper shoes or perhaps foot plates, is essential and is usually facili- 
tated by the removal of the painful bunion. 

In addition to these detrimental predisposing factors, some of the 
causes of failure to help these patients as observed in the last eighty 
cases of the series are given in the following paragraphs. 

Inadequate Excision of Deformed Bone.—(a) Failure to remove 
enough of the metatarsal exostosis was noted in eleven cases, in one 
of which the patient has subsequently been operated on a second time. 
(b) Failure to remove the exostosis or projecting lip on the dorsal or 
medial surface of the proximal phalanx was a cause of complaint in ten 
cases (fig. 2). 

Sesamoids Beneath the First Metatarsal Head.—Painful sesamoids 
which had not been recognized were a cause of complaint in four cases 
and were subsequently removed in two of them. These are examined 
regularly now, and if they are tender cr show hypertrophic changes 
they are excised. 


Failure to Select the Proper Operative Procedure or Poor Technic.— 

Three patients who have been subjected each to a different operative 
procedure, with poor end-results, have been advised to return to the 
hospital for a resection of the metatarsal head. The selection of 
this more radical procedure in the first place might have avoided a poor 
result. 


CONCLUSIONS 

1. In this series the most satisfactory operation for correction of 
hallux valgus was resection of the metatarsal head, together with removal 
of exostosis. 

2. In selected cases with only moderate hallux valgus and in which 
the patients complained of a painful exostosis and inflamed bursa as 
the chief source of annoyance, wide excision of the exostoses alone 
gave satisfactory results. 


3. Other operative procedures have not been found as satisfactory. 


4. The presence of chronic arthritis in the joint of the great toe 
predisposes to an unfavorable outcome in direct proportion to its degree 
of severity. 
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. 

5. An anterior arch that is severely impaired is a serious handicap 
in achieving a good result in the operative treatment of hallux valgus. 

6. Inadequate excision of the metatarsal and phalangeal exostoses 
leaves bony spicules which cause subsequent pain. Care should be taken 
to remove all loose fragments of bone or bone sand. 

7. The sesamoids beneath the metatarsal head should be examined 
as a cause of pain, and removed if necessary. 


8. The proper selection of the operative procedure to fit the individual 
case is of great importance. 


29 East Sixty-fourth Street. 
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CHRONIC SUBDURAL HEMATOMA 


REPORT OF SEVEN CASES * 


CARL W. RAND, M.D. 


LOS ANGELES 


During the summer of 1923, a group of clinicians were puzzling over 
the condition of a patient who had been admitted to the neurosurgical 
service of the Los Angeles General Hospital, suspected of having a tumor 
of the brain. Localization of the lesion by ordinary methods of neuro- 
logic examination proved baffling, but was finally accomplished by the 
inflation of the ventricles with air. The night before exploratory 
craniotomy was to have been performed, the patient suddenly died, and 
at the autopsy an unsuspected type of chronic subdural hemorrhage was 
discovered. At the time this case was unique in my experience, although 
since then six additional cases have been encountered, which, together 
with the first, form the basis of this report. 

These cases differ symptomatically and pathologically from the 
meningeal type of epidural or subdural hemorrhage which usually 
follow injuries of the head, and more closely resemble the picture of 
pachymeningitis hemorrhagica interna of spontaneous origin. They 
all have been relatively late sequelae of major, or more commonly, of 
minor injuries of the head, and the patients have come to operation or 
autopsy at periods varying from six weeks to eight months after trauma. 
The pathologic condition has been almost the same, namely, a circum- 
scribed massive subdural hemorrhage in varying stages of formation or 
recession, in each instance surrounded by a discrete capsule. Putnam 
and Cushing * recently made an exhaustive study of chronic subdural 
hematoma, in which they point out that such cases are more common 
than had been thought probable. They discuss the pathologic condition, 
especially in relation to pachymeningities hemorrhagica interna of non- 
traumatic origin, and have given valuable hints as to the operative treat- 
ment. I have drawn freely on their discussion in the consideration of 
the subject. 


* This rare type of late subdural hemorrhage of traumatic origin has been 
discussed in the literature under many and varying names. It has perhaps been 
most frequently referred to as traumatic subdural hemorrhage, encapsulated sub- 
dural hemorrhage, chronic subdural hemorrhage, encysted. subdural hemorrhage, 
pachymeningitis hemorrhagica interna, pachymeningitis hemorrhagica interna 
traumatica, hematoma durae matris, etc. The term chronic subdural hematoma is 
perhaps becoming more frequently used and has been chosen because it seems to 
fit the pathologic conditions more consistently than any other. 

1. Putnam, T. J., and Cushing, H.: Chronic Subdural Hematoma, Arch. 
Surg. 11:329 (Sept.) 1925. 
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Chronic subdural hematoma has long been recognized under various 
names, although the majority of the earlier cases were apparently con- 
sidered to be of the nontraumatic variety. It is probable that even in 
































the earlier reports, an overlooked injury to the head may have preceded | | 
. ‘ * ‘. s | 

the formation of the clot, since in the more recent reports of typical ie 
cases, the injury was not infrequently slight, in some instances so trivial ia 
ae 


as to be given little consideration. Among the earliest writers, Wepfer * 
referred to the lesion as a “blood-cyst,” and later, Houssard * accounted fie! 
for the surrounding capsule as being made up of fibrin, while others i | 
have supposed it to be composed of the inner and outer layers of the 
dura, which were split and thus surrounded the clot. Gradually, the ' 
idea of inflammation developed, which probably accounts for the term i 
pachymeningitis hemorrhagica interna being used in describing these a) 
cases. Virchow * gave the first clear description of the true position of 
the hemorrhage in its relation to the surrounding envelopes of the brain. oa. 
He demonstrated that it does not lie within the layers of the dura, or he 
under the arachnoid membrane, but in the subdural space. He assumed 
that in some elderly people there might be a chronic thickening or ft 
inflammation of the dura, with resulting fibrin formation. Under cer- 
tain conditions of strain the capillaries that had grown into the fibrin | 
gave way and small hemorrhages formed. He used the term pachy- 
meningitis chronica interna for the cases which did not show gross i 
hemorrhage, and pachymeningitis hemorrhagica, for the cases in which 
massive hemorrhage occurred. He called the blood cysts, hematomas ‘ 
of the dura, and pointed out that under certain conditions they might / 
become massive, in which event they were usually fatal. a} 
Spontaneous pachymeningitis hemorrhagica interna may occur in i 
a person who uses alcohol extensively. Kremiansky ° was able to obtain 
a close reproduction of the lesion by feeding brandy to dogs. Sperling ° i 
injected whole blood under the dura and reported a resulting membrane 
about the clot which, in some respects, resembled the spontaneous lesion. 
Injections of defibrinated blood probably would not give this result. 
Many observers had considered the lesion inflammatory in the sense that 
fibrin accompanied its formation, but bacteria were never recovered 









2. Wepfer, J. J.: Observations Anatomicae ex Cadavenbus eorum, quos 
sustulit apoplexia, Amsterdam, p. 5, 1681. 

3. Houssard, M.: Observation d’un kyste considerable develope dans la 
cavite de l’arachnoide chez un subject qui a succombe avec les symptomes d’une 
apoplexie sanguine, Biblioth. méd., Paris 55:67, 1817. 

4. Virchow, R.: Haematoma Durae Matris, Verhandl. d. phys-med. Gesellsch. 
zu Wurzb. 7:134, 1857. 

5. Kremiansky, J.: Ueber die Pachymeningitis interna hemorrhagica bei 
Menschen and Hunden, Arch. f. path. Anat. 42:129 and 321, 1868. 


6. Sperling, H.: Ueber Pachymeningitis Hemorrhagica Interna, Quangural 
Dissertation, Kénigsberg, 1872. 
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from the contents of the sac. Barrett,” Rosenberg,* Budinger * and 
others failed to find bacteria, either in smears or cultures taken from 
their specimens. It was Kasemeyer,'® perhaps, who gave the first proof 
of the relation of trauma in these cases and emphasized the fact of the 
late occurrence of the symptoms. 

There is a great similarity in the pathologic condition seen in chronic 
spontaneous hemorrhages and those of traumatic origin. In each 
instance, the clot is surrounded by a distinct lining or neomembrane 
which is thicker on the dural side and thinner on the arachnoid side. 
Lamination of the walls has been described by Wiglesworth ** and other 
observers, but it is not frequently seen. The subdural neomembrane 
usually measures from 1 to 4 mm. in thickness; it is opaque, well 
formed and composed of fibrous tissue. It is moderately adherent to the 
dura by fine senechial bands, leaving a denuded area of petechial hemor- 
rhage generally distributed under this membrane, from which it can 
easily be separated. The membrane contains capillaries in varying num- 
bers and varying stages of formation, and in many ways resembles 
ordinary granulation or fibrous tissue, depending largely on its age. 
Putnam has called attention to the fact that “the characteristic feature 
of the membrane is the presence of large spaces of irregular form but 
in general elongated, most of which lie in a definite uniform line parallel 
to the surface of the dura, separated from it by the thickness of a few 
fibroblasts.” These spaces are lined by definite mesothelial cells. 
Putnam considers the spaces as characteristic of the reaction to the 
traumatic type of subdural hemorrhage; they are seldom, if ever, seen 
in the spontaneous form of pachymeningitis hemorrhagica interna. He 
states : 


In general it appears that the longer the interval between the trauma and the 
removal of the specimen, the larger and more irregular are the spaces. ; 
The fact that the spaces described are removed intact when the membrane is 
stripped from the dura instead of forming a line of cleavage in themselves, is 
evidence that their walls have a definite strength and structure and are not 
artefacts. 


7. Barrett, J. O. W.: On Pachymeningitis Hemorrhagica Interna, Brain 
25:181, 1902. 

8. Rosenberg, O.: Die Pachymeningitis hemorrhagica interna im Kinder- 
salter, Ergeben. d. inn. Med. u. Kinderh. 20:549, 1921. 

9. Budinger, K.: Die Ursachen der Spatsymptome nach duralen Blutungen, 
Med. Klin. 17:584 (May 15) 1921. 

10. Kasemeyer, E.: Ueber post-traumatische Pachymeningitis unter dem Bild 
der post traumatischen Neurosen, Friedriech’s Bl. f. gerichtl. Med. 62:293, 339 
and 401, 1911. 

11. Wiglesworth, J.: Remarks on the Pathology of the So-called Pachymen- 
ingitis Interna Hemorrhagica, Brain 15:431, 1892. 
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Von Saar and Herschmann’? have observed similar spaces. 
Degenerative progressive changes may occur in the subdural membrane ; 
even calcification has been described by Lewis** and Elsner,’* and 
fatty degeneration of the vessels is mentioned by Charcot and Vulpian.’® 
Huegenin ‘* found fatty degeneration and thrombosis of the cerebral 
veins in the pia, and at their entrance to the longitudinal sinus, and he 
described cases in which points of rupture of these vessels were noted 
both in the pia and near the sinus. This condition has occurred in three 
patients in the cases reported, and it would seem that bleeding from the 
pial vessels is one of the sources of the hematoma. 

The inner or arachnoid portion of the membrane is much thinner 
than the dural side, and is translucent or semitransparent. It is essen- 
tially avascular, and consists of a thin sheet made up of several layers 
of mesothelial cells. For the most part, it lies almost free over the 
underlying arachnoid, although it may be loosely attached to this mem- 
brane here and there by fine bloodless synechias, and can be separated 
easily from its arachnoid surface by blunt dissection. After its removal, 
the pia-arachnoid usually presents a yellowish tinge. In one of Putnam’s 
cases, it was studied microscopically and found to be normal. The 
yellow color of the arachnoid and the pia is assumed to be due to the 
transformation of hemoglobin into biliverdin and bilirubin by the 
reactive powers of the mesothelial cells of the arachnoid, of which the 
inner wall of the hematoma is composed. Some observers have described 
a thickening of the arachnoid with adhesions to the neomer-brane. This 
is particularly true in experimental animals. Ramaer *™ a).d Hassin ** 
placed considerable emphasis on this and regarded the arachnoid as the 
primary seat of the disease, with the underlying pial vessels as the 
source of hemorrhage. Trotter ’® likewise feels that there can be little 
doubt that the bleeding is of venous origin, and “that it is nearly certain 
that the cerebral veins passing from the brain to the tributaries of the 
superior longitudinal sinus are nearly always the source of the blood.” 


12. Von Saar and Herschmann: Zur Symptomatologie and Therapie der 
Pachymeningitis haemorrhagica interna, Deutsche Ztschr. f. Chir. 145:398, 1918. 

13. Lewis, B.: Textbook of Mental Disease, London, p. 434, 1889. 

14. Elsner, K.: Ueber Pachymeningitis Ossificans, Quangural Dissertation, 
Munich, 1896. 

15. Charcot and Vulpian: Sur les neomembranes de la dure-mere, Gaz. 
hebd. de méd. Paris 7:728, 789 and 821, 1860. 

16. Huegenin, O .: Zwei Falle von Pachymeningitis interna hemorrhagica nach 
Trauma, Ztschr. f. klin. Med. 38:451, 1899. 

17. Ramaer: Bemerkung zur Abhandlung uber das Hamaton der Dura Mater 
von Dr. G. Weber, Arch. f. path. Anat. 24:223, 1862. 

18. Hassin, G. B.: Histogenesis and Pathology of Subdural Hemorrhages, 
Med. Rec. 94:669 (Oct. 19) 1918. 

19. Trotter, W.: Chronic Subdural Hemorrhage of Traumatic Origin and Its 
Relation to Pachymeningitis Hemorrhagica Interna, Brit. J. Surg. 2:271, 1914. 
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(However, he states “that the enclosing membrane seemed to be derived 
from the organization of the outer layer of the clot . . . and it 
is not impossible that the arachnoid contributes to the inner layer of 
the cyst”.) In two patients of my series this seemed to be true. The 
neomembrane in one was found to be locally thickened and tightly 
adherent to the arachnoid, so that in dissecting it away, a small patch of 
the membrane had to be left in situ (fig. 1). The underlying pial vein 
was found to be thrombosed on one side and engorged on the other, 
giving the impression that this was at least a possible source of hemor- 
rhage. In one patient, these adhesions and thrombosis were found in 
the mid-prerolandic area, and in the second, at the large veins lying at 
the junction of the rolandic and sylvian fissures. 

The location of the hemorrhage is most common in the frontal and 
parietal regions, and it may frequently be bilateral. Trotter has efnfha- 
sized this particularly, estimating that the hematomas may be bilateral 
in from one third to one half of the cases, and has pointed out the 
surgical importance of such a possibility. Multiple blood cysts have 
been described ; they may occur in the basal meninges or even about the 
spinal cord, but such instances are probably exceedingly rare. Multiple 
hematomas have never been reported over the same hemisphere. 

The hematoma may vary in size from a petechial formation to a 
massive clot which may displace a large part of one cerebral hemisphere. 
The small hemorrhages are undoubtedly far more common than the 
large, and in all likelihood undergo recessive changes and absorption 
giving rise to few, if any, clinical symptoms, and pass unsuspected. 
The large hematomas probably increase slowly in size, which allows 
the brain to accommodate itself to the gradually increasing pressure 
conditions, and accounts for the fact that the symptoms are delayed 
in appearance and that definitely localizing phenomena are rare until 
the end is near. Cases have been reported in which the hematoma was 
discovered at operation or autopsy from a few days or weeks to as long 
as five years following the injury. The contents of the cyst vary largely 
according to its age. Probably the earliest observation is a black 
gelatinous blood clot resembling that found in spontaneous hemorrhage 
from the middle meningeal. Gradually the clot becomes encapsu- 
lated; its contents soften and liquefy, and may become coffee colored 
fluid in which float fragments of black disorganizing clots of varying 
size; later, the fluid becomes greenish or yellow, closely resembling 
the contents of a gliomatous cyst. On one occasion, the greenish con- 
tents of a subdural hematoma of ten weeks’ standing were tested for 
bile pigments, but none was found. If time enough elapses, the fluid 
may become colorless. Virchow recognized this, and believing that the 
contents eventually contained clear serum, gave the name “hygroma of 
the dura” to the condition. 
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From the clinical course and from the fact that lamination of the 
walls of the hematoma has occasionally been described, it has been 
assumed by some that repeated fresh hemorrhages may occur within 
the cyst. As Putnam says, the “question is still an open one although 
in some instances it would seem that such an event must occur to 
account for the clinical picture.” With the exception of the deformity 
of the brain which is caused by displacement from the overlying clot, 
grossly or microscopically little is seen in this organ that is pathologic. 
Thickening of the vessels and areas of cerebral softening may occur, 
but probably not more frequently than in normal persons of correspond- 
ing age. After removal of the hematoma, the cerebral functions fully 
recover with amazing rapidity. The skull shows little change. In cer- 
tain instances there is undoubtedly an increased vascularity of the bone, 
but whether this is due to the underlying hematoma or is merely a 
normal variation in individual skulls, is not yet clear. 

All observers agree that the symptomatology in these cases is char- 
acterized by its variability. Trauma, as a clinical and causative factor, 
is often so slight and ancient as to be almost forgotten. A bump on 
the head, a fall not accompanied by unconsciousness, a slap in the face, 

blow received in boxing, an injury in football scrimmage or even 
repeated slight trauma, as in Trotter’s case irf which a workman fre- 
quently bumped his head against a low-lying beam in the workshop, or in 
the case cited by Kasemeyer, in which children were subjected to abuse 
by their guardians, have been reported as causative factors. In some 
instances the trauma is undoubtedly severe, causing concussion and 
contusion of the brain and even fracture of the skull, as in case 6 of 
this series. Trotter believes that injury received in the frontal or 
occipital region is more likely to give rise to a slow hemorrhage than 
if it were received on the side of the head, as the falx acts as a buffer 
against lateral injury. He feels that the hemorrhage may occur from 
the radicals of the pial vessels as they enter the longitudinal sinus, and 
the fact that the hemorrhage is not infrequently bilateral gives con- 
siderable support to this view. Bowen *® has called attention to the 
distinction between “the lucid interval” and the “latent interval” .:in 
cases of chronic subdural hematoma. By the former, he refers to the 
period occurring before the onset of unconsciousness, and by the latter, 
to the period before the onset of the symptoms of intracranial pressure 
and cortical irritation. He feels that the latter may be longer than the 
former and is characteristic of subdural hemorrhage. This does not 
necessarily hold true, as there are undoubtedly examples in which—if 
the obtunding of mentality during convulsions is excepted-—the patient 
is never really unconscious before the operation. The latent interval 


20. Bowen, W. H.: Traumatic Subdural Hemorrhage, Guy’s Hosp. Rep. 59: 
21, 1905. 
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may vary in time, lasting from a few days to several months or even 
years. Usually the symptoms are those of increased pressure which 
progress in an irregular manner. Headache is perhaps the most com- 
mon symptom and may be merely a slight dull ache or a severe pain. 
While there is nothing definitely localizing in the location of the pain, 
frequently it is most severe on the side of the hemorrhage. Nausea 
and vomiting may be associated with the headache. Vertigo is likely 
to be a prominent symptom especially suggestive of frontal lobe or 
cerebellar localization. In two of the cases in this series, much time was 
given to considering whether the lesion was frontal or cerebellar. A 
true cerebellar ataxia was not seen, but the patient swayed in Romberg’s 
position, and at times showed a decided tendency to pitch backward. 
An atypical nystagmus or roving of the eyes may be present, which is 
generally of horizontal or mixed character. Double vision may occur, 
but is usually transient. The temperature hovers around normal or 
may vary from subnormal to about 100 degrees. Some authors claim 
that periods of rise in temperature are associated with fresh bleeding 
into the hematoma. The periods of subnormal /temperature raise the 
suspicion of brain abscess. 

The mental condition in some instances may act as a fair index of 
the pathologic condition. Many cases have been reported from insti- 
tutions for the insane. The patients are likely to be irritable, untidy, 
obscene—in short, almest unmanageable. In a recent case in which the 
pathologic condition was not definitely proved, for months the patient 
was disoriented as to time and place, carried on conversations regard- 
ing irrelevant matters, and at times required restraint. At other times, 
his mental condition was clear and normal. Symptoms of this nature 
may run on for indefinite periods, the patient presenting signs of 
increased intracranial pressure with few, if any, localizing signs. There 
may be bilateral choked disks which gradually show increasing elevation, 
with hemorrhages and exudates present. Frequently, the process is 
more marked on the side of the hemorrhage. General or focal convul- 
sions may occur, which may be associated with, or usher in, the 
terminal phase of the disease. In three of the six cases reported, the 
patient had jacksonian attacks shortly before operation, these attacks 
being the most reliable localizing sign. In all of them, there was twitch- 
ing of the contralateral arm and face, the leg not participating except 
when the attack became general. Mild seizures may occur in which the 
patient is conscious but describes a transient numbness of the hand or 
face, not associated with any motor manifestations and disappearing 
in a few minutes. For the most part, repeated examination of the 
reflexes may not help to localize the iesion, although ultimately the 
patient may. show a definite inequality of both superficial and deep 
reflexes which indicates the side of the lesion. This was true in four 
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patients who were operated on. Motor differences in the way of 
slight weakness or spasticity of an extremity may be associated with 
these reflex changes. Aphasia, usually of the motor type, may occur as 
in two of the cases I have reported. It is usually transient and is most 
aggravated during the period of cortical irritation, which is associated 
with the jacksonian episode or follows it. The pulse rate is usually slow. 

A spinal fluid examination has been of considerable interest in that 
a varying degree of xanthochromia is frequently present. The fluid 
may vary from a slight, smoky or blood tinged color to a deep yellow 
or straw color, finally becoming clear. The character of the fluid depends 
largely on the length of time that has elapsed from the onset of the 
hemorrhage until the lumbar puncture was performed. Spinal fluid 
tests were performed on five of the six patients I observed ; the pressure 
was increased in three, and the manometric readings were 200 mm., 
400 mm. and 325 mm., respectively, by water manometer. In the fourth 
instance the sn‘nal fluid was recorded as normal. In one instance, the 
first puncture, taken about a week after the injury showed a smoky, 
slightly cloudy fluid and contained 14 cells per cubic millimeter. About 
ten days later, the spinal fluid showed a definite xanthochromia with 
18 cells per cubic millimeter. In another instance, a lumbar puncture, 
which was made approximately three months after the injury, showed 
a light straw colored fluid containing 5 cells per cubic millimeter. In 
one instance, the spinal fluid taken five months after the injury showed 
a pale straw tint with 2 cells per cubic millimeter; and in the last 
instance, the study made of a patient five months after the injury, 
showed a clear fluid and.1 cell per cubic millimeter. It is probable that 
the last case would have shown some degree of xanthochromia had a 
lumbar puncture been performed earlier. In one case a lumbar puncture 
was not performed on the patient because of the high degree of 
intracranial pressure present and the fear that if the lesion were cere- 
bellar, a herniation of the medulla might result. 

Different methods of treatment have been suggested, varying from 
repeated lumbar punctures to an extensive osteoplastic operation with 
complete removal of the clot and membranes. It is probable that in some 
instances temporary relief may be gained by the first procedure, while in 
others—for example, as in a case of Putnam’s series—the patient may be 
made worse. Various operative methods have been tried; instances 
have been reported in which a small trephine operation was performed 
with the incision of the dura over the hematoma and emptying its 
contents. When such a simple procedure is carried out, it is seldom 
that the hematoma reforms. Decompression operation with the evacu- 
ation of the contents of the hematoma has been performed in some 
instances, with recovery. Putnam advucates a large osteoplastic flap 
with complete removal of the clot and. subsequent closure of the dura, 
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as the procedure of choice. The postoperative course in the majority of 
cases has been more or less stormy. This has been attributed to edema of 
the brain following -removal of the clot. Several patients have been 
studied in whom the wound was reopened several days later, because it 
was thought that a secondary hemorrhage had occurred; a tight swollen 
brain was almost invariably found. There is apparently little danger 
of bleeding from the under surface of the dura and even less from the 
pial surface of the brain following the removal of the linings of the 
hematoma. Undoubtedly there is, for the time being, an excessive 
accumulation of cerebrospinal fluid. In four of my cases an osteoplastic 
flap was performed on the patients with the removal of the hematoma 
and membranes, and in two of these decompression openings were 
provided. In all instances there was a rather sharp temperature reaction 
immediately following the operation and a moderate amount of eleva- 
tion of the flap. After the first two operations, drainage was not 
employed, and it was necessary to open the scalp enough to allow the 
escape of the fluid. This continued for a week or ten days, then ceased. 
In two cases, drainage was provided, the drain being removed on the 
second or third day following the operation. In both of these instances 
there was a rather copious drainage for a week, which gradually 
ceased. In one instance, a simple decompression was made, with 
evacuation of the contents of the hematoma, but the capsule was not 
removed. The patient’s recovery was prompt and satisfactory. Trotter 
states that not infrequently these hematomas may be bilateral, and 
Putnam suggests that exploratory cranial dural puncture over the sus- 
pected hemisphere “will give most reliable evidence of the presence or 
otherwise of a clot.” In one case when the patient was thought to have 
a chronic subdural hemorrhage, I used this method, making four 
trephine openings in the skull and opening the dura enough to pass a 
brain spoon beneath. Hemorrhage was not encountered over either 
hemisphere, and the subsequent recovery of the patient would seem to 
indicate that a massive clot had not formed. 


CASE REPORTS 


Case 1.—Chronic subdural hematoma, right side, occasioned by fall, striking 
occiput. Immediate symptoms trivial—gradual development of pressure symptoms 
and headache. Few localizing signs; side of lesion revealed by ventriculography. 
Death six months after injury—large encapsulaied subdural hemorrhage disclosed 
at autopsy. 

History—A man, aged 53, married, a butter cutter, was admitted to the 
Los Angeles General Hospital on Aug. 23, 1923, in a stuporous condition. He 
could be roused enough to whisper, but did not give intelligent answers. Four 
and a half months previously he had been in an automobile accident in which his 
right shoulder was dislocated and his scalp lacerated. The injury of the head 
was not considered severe. After staying in a local hospital for two days, he was 
sent home. He soon began to complain of headaches. At first they were not 
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severe, but on some occasions kept him awake at night. After six weeks the 
headaches became constant and more severe. Nausea and vomiting never accom- 
panied the headaches, and there were never any convulsions. About a week prior 
to his admission to the Los Angeles General Hospital, he refused to take an 
automobile ride because he had a severe headache. The following day, he became 
drowsy and remained in a condition of alternate drowsiness and irritability until 
his admission. The stupor gradually increased during the preceding three or four 
days, and at times amounted to coma. 


Examination.—This revealed a large, well built man, breathing heavily and 
difficult to rouse. In the occipital region was a small scar under which a small 
dent in the skull could be felt. On looking to either side, the eyeballs showed slight 
oscillation but not a true nystagmus. The eyegrounds showed a double choked 
disk of long standing, with complete obliteration of the disk margins, embedding 
of the veins, filling in of the optic cup with new tissue and an occasional small 
retinal hemorrhage. It was estimated that the swelling was about 5 diopters. 
Aside from possibility of a slight weakness of central origin on the left side of 
the face, nothing abnormal was noted in the cranial nerves. The patient would 
move all extremities on stimulation without marked discrepancy in their use. At 
times it was thought that the left arm and left leg were slightly less strong than the 
right, but they were not spastic. There was a coarse ataxic tremor of both arms 
and some ataxia of the legs. Apparently sensation was retained everywhere. The 
abdominal, epigastric and cremasteric reflexes were all sluggish but seemed 
equal. The biceps reflexes were active and equal; triceps, wrist and finger 
reflexes were sluggish and equal; the knee and ankle reflexes were hyperactive, 
but seemed equally so. There was a questionable Babinski sign on the right and 
left; ankle clonus was not present on either side. The spinal fluid, which was a 
faint straw color, was under 200 mm. pressure, contained 2 cells and did not 
show any increase in globulin content. The blood pressure was 137 systolic and 76 
diastolic. The blood examination showed: red blood cells, 6,000,000; white blood 
cells, 5,400; hemoglobin, 80 per cent; polymorphonuclears, 78 per cent; large 
lymphocytes, 5 per cent; small lymphocytes, 14 per cent, and transitionals, 3 per 
cent. Roentgenograms of the skull showed an old depression of the outer table of 
the skull almost in the midoccipital position. Little, if any, depression of the inner 
table was noted. 


Treatment and Course——The patient remained under observation for a month, 
during which time he showed considerable variation in his mental symptoms. 
Some days he was quiet and apparently in little pain; on other days he had severe 
frontal and bitemporal headaches and was maniacal, but during none of the time 
did he vomit. When he sat up on the side of the bed he showed a tendency to fall 
backward. At times, he showed marked rhombergism; at other times, he stood 
firmly on his feet with his eyes closed. On September 4, Dr. Eliot Alden explored 
the fracture in the occipital region and found a small depression. A bit of 
depressed bone was removed; the underlying dura and cortex appeared normal. 
The right ventricle was tapped, and clear cerebrospinal fluid was obtained. 
Following this procedure, the patient’s condition remained about as before. Air 
inflation of the ventricles was performed on September 25. Thirty cubic centi- 
meters of fluid was removed fractionally and replaced by a similar amount of air. 
The ventricles were about normal in size, but were found to be displaced to the 
left side. The right ventricle in the anteroposterior position showed a pushing 
in of the outer wall (fig. 2). On waking from the anesthetic, the patient again 
became noisy and excited. The following day he was stuporous. That night he 
suddenly lapsed into deep coma and died. 
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Necropsy.—There. was an extensive subdural hematoma which covered the 
major part of the right hemisphere of the brain. It was surrounded by a capsule 
which was firm on its dural surface, to which it adhered, and much thinner on 
the arachnoid surface. It was especially thick over the frontal lobe and over the 
anterior part of the temporal and parietal lobes, and gradually thinned out as it 
approached the occipital area. The ventricle puncture lay just back of the posterior 
edge of the hematoma which it missed by 2 o- » cm. The contents of the 
hematoma were made up of dark greenish, translucent fluid, which contained 
black floating clots, but there was no bright blood. The inner lining of the cyst 
adhered loosely to the arachnoid, from which it was easily stripped. The pial 
vessels were not ruptured, and the inner lining had not adhered to the cortex. 
The convolutions of the brain were flattened, and the hemisphere underlying the 














Fig. 2.—Ventricle study made in case 1, showing both lateral ventricles pushed 
far to the left by the hematoma which occupied the right subdural space. The 
overlapping shadow was caused by removal of bone in the occipital region in 
which an old depressed skull fracture was found. The blow which occasioned 
the fracture caused the hematoma as well. 


hematoma was dented inward about 5 cm. at the deepest place over the frontal 
lobe where the hematoma had nestled. Sections of the outer lining of the 
hematoma showed it to be composed of fibrous tissue, which was easily distin- 
guished from the overlying dura (fig. 3). The middle meningeal vessel seemed 
intact, and the exact point or points from which the hemorrhage started were not 
determined. 


Comment.—This case was my first experience with chronic sub- 
dural hemorrhage. About six months elapsed from the time of the 
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patient’s original injury to the date of his death. Little credence was 
given to the injury as a possible etiologic factor, and the possibility of a 
hematoma was not taken into consideration. The essentially negative 
condition at the time the occipital fracture was explored did not clarify 
matters. At times it was thought there was a slight weakness of the left 
upper and lower extremity, but there was no spasticity of these members 
and the deep reflexes on that side did not increase. The presence of a tumor 
of the brain or abscess of the brain seemed possible, especially the latter, 
as the patient had given a previous history of chronic discharge from the 
right ear, and there was some sclerosis of the adjacent mastoid. Before 
the ventricle study, the side of the lesion could not be definitely localized. 





Fig. 3—Section taken at > in case 1. Section of the dura and neo* 
membrane at the point where the latter is reflected over the arachnoid mem- 
brane. The membrane, both of the subdural and arachnoid surfaces, is continuous. 
It is lined by mesothelial cells, and on the arachnoid side is essentially avascular. 
On the subdural side, small blood vessels may be encountered. The mesothelial 
lined spaces which separate the neomembrane from the dura, can be faintly seen, 
but are much less distinct than is shown in Putnam’s cases. The dura can be 
plainly seen at the lower portion of the cut. 


Death occurred about thirty-six hours after the ventricles were inflated. 
In view of subsequent experiences with postoperative edema of the 
affected hemisphere in patients in whom the clot has been evacuated, one 
wonders whether such a condition did not follow the study. The balance 
of water content of the brain in these cases must be delicate. The 
significance of the slightly straw colored spinal fluid was not appreciated, 
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Had a right subtemporal decompression been performed to relieve the 
pressure, the hemorrhage would have been disclosed, and it is not 
unlikely that the outcome would have been different. 


Cast 2.—Chronic subdural hematoma, left side, with gradually increasing signs 
of increased pressure for six weeks, following injury sustained in boxing. 
Jacksonian episode and aphasia developed late. Removal of hematoma at opera- 
tion. Recovery. y 

History —F. R., a man, aged 42, married, physician, was first seen on Nov. 8, 
1923, in consultation with Dr. H. Douglas Eaton of Los Angeles. The patient used 
alcohol in moderation. His general health had always been good. While his 
acute symptoms dated from October 24, he had been subject to headaches for 
several weeks prior to that date. About a month earlier, the patient decided that 
he was putting on too much weight and that he needed more exercise. He started 
strenuous daily gymnastic work, principally boxing. He noticed that his head- 
aches became severe during exercise, so that at times he had to stop and rest. He 
complained of stiffness of the neck and pain at the back of his head, and he would 
frequently press his head forward against his hands for relief. During the last 
week in September, he received a severe blow on the nose which did not knock 
him down. During the boxing bouts he never received a knockout blow. The 
week following this blow on the nose, he was logy and more drowsy than usual; 
the discomfort in the back of his head and neck was more marked. On October 26, 
he attended to his practice as usual and boxed an hour and a half. During the 
match he received a blow over the right eye sufficient to cause ecchymosis and to 
bring him to his right knee; however, he was not unconscious, nor did his head 
strike the floor. After the exercise he finished his office work, in spite of a severe 
headache. He was more drowsy than usual at dinner time. His headache con- 
tinued to grow worse. About 8 p. m., he took 10 grains (0.6 Gm.) of acetylsalicylic 
acid and a hot bath before retiring. Later he took % grain (0.03 Gm.) of codeine 
and mild mercurous chloride by mouth and immediately vomited large quantities 
of bile stained fluid. He slept well all night. The next morning, October 27, he 
felt some better, and that afternoon dressed and went downstairs, where he spent 
most of the time lying down. His headache was still severe and that night he was 
restless, twitched in his sleep, and between 3 and 4 o'clock in the morning had 
a generalized spasm. He was unconscious, his color was ashy, and all extremi- 
ties were in a generalized convulsion. His head was drawn to the left, his teeth 
were clenched, and he frothed at the mouth. The coma lasted from thirty minutes 
to an hour. On waking, a difficulty of speech was noticed; in fact, his speech was 
thick and mumbling until late in the morning. About 3:30 that afternoon, while 
lying on the couch talking to his wife, the patient felt that he could not speak. He 
got up, walked over to a table and started to write a message. The writing was 
steady, but there was repetition of the words and the whole product was without 
meaning. He then had a generalized convulsion, more severe and longer than 
the previous one, but with the same general characteristics. Dr. Eaton saw him 
at 8 o'clock that evening, and the results of his examination are given in the 
following paragraph. 

Examination.—The patient was lying quietly in bed. He was conscious and 
apparently ill, but not extremely so. The color of the face was dusky, somewhat 
cyanotic. The nutrition was good. There was no evidence of injury to the scalp. 
The face was somewhat asymmetrical, but this was a normal characteristic; the 
left side was flatter and the left corner of the mouth was lower. There were 
pouches under both eyes, which seemed to indicate fairly rapid and recent loss of 








Fig. 1.—Illustration taken from operative field, showing a point at which the 
inner neomembrane adhered ‘closely to a pial vein. The membrance, which is 
generally translucent, was much thickened at this point and was opaque. The pial 
vein was engorged above the point of attachment and thrombosed below it. Condi- 
tions of this nature were encountered in cases 2, 3 and 5, and are considered as 
evidence of a possible source of the hemorrhage. 
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Fig. 4—Schematic illustration of the appearance of the dura taken from the 
operative field of case 5. 


In all of the patients operated on, the dura presented a 
mottled bluish tinge from the transmitted color of the underlying hematoma. In 


spots this bluish tinge is more marked than in others. It is not characteristic of 
this condition alone, as a similar appearance of the dura may be seen overlying 
vascular tumors or fresh subdural hemorrhages. The size and location of the 


entire hematoma is suggested by the shaded area and the dotted line in the 
operative field. 











Fig. 5.—Reproduced from sketches made at operation case 5. Schematic appear- 
ance of the hematoma after reflection of the dura. The outer or subdural mem- 
brane is shown bulging above the cut edges of the dura. The marked compression 
of the underlying brain is seen. This usually amounts to from 3 to 6 cm. at the 
thickest portion of the hematoma. Note how abruptly and concretely the hematoma 
ends, being attached at its edge to the underlying cortex merely by a thin film 
of adhesions. The size and location of the entire hematoma is indicated by the 
shaded area. 
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Fig. 6.—Made from sketches taken at operation in case 5. Schematic appearance 
of the hematoma after the outer membrane had been opened and the contents of the 
sac evacuated. The inner neomembrane can be seen to be of a light greenish 
tinge and is translucent. The underlying convolutions of the brain can be seen 
shining through. This membrane is freely movable over the underlying brain. 
The greenish tinge is largely due to the transmitted color of the brain which has 
a decided yellowish tinge underlying the hematoma. The size and location of the 
entire hematoma is indicated by the shaded area. 
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weight. There was ecchymosis in the loose tissues about the right eye, but not 
in the conjunctiva or the sclera. The ears were normal externally. There was 
no disturbance in the hearing and the ear drums were normal. The eyes did 
not show any nystagmus, ptosis or paralysis; the pupils were equal and midwide, 
the reflexes active and normal. The visual fields were roughly normal. Examina- 
tion of the fundi was unsatisfactory, due to natural smallness and persistent 
contraction of the pupils under the ophthalmoscopic light. Glimpses of the disk and 
vessels showed them to be normal, but adequate examination was impossible 
without dilatation of the pupils. The nose was normal externally ; smell and taste 
were normal. The mouth showed many slight abrasions of the mucous membrane ; 
the tongue was tremendously coated and the breath foul. The teeth and gums 
were in good condition, and the pharynx showed a slight congestion but 
absence of exudate. The tonsils were small. The chest was symmetrical; the 
heart apex, fifth interspace, was normal in size, shape, position and action. The 
blood pressure was 132 systolic and 80 diastolic; the pulse rate was 66. The 
arteries did not indicate disproportionate arteriosclerosis for age. The radials 
were just palpable, the temporals observable and somewhat tortuous. The lungs 
were normal; the abdomen showed gas in the upper portion, without masses, 
tenderness or rigidity. The stomach and colon were found to be apparently 
normal, by percussion. The liver, spleen and kidneys were not palpated. The 
genitalia were normal. The skin was normal, and the general muscular condition 
was good. The upper extremities did not show incoordination, tremor or ataxia. 
The elbow and wrist reflexes were present; they weré equal and not exaggerated. 
The epigastric, abdominal and cremasteric reflexes were active and equal. There 
was no paralysis of either arm, and the power was good. The right arm showed 
the normal increase in power over the left. The ankle and patellar reflexes were 
present and were equal and diminished. Ankle clonus or abnormal plantar reflex 
to any test was not observed, although there was a question of a pseudo-reaction 
on stroking the right foot. Sensory disturbance was not present. Sensations of 
pain, touch and temperature were normal, and accurately and quickly localized. 
Sensation in the sclera, the conjunctiva and the pharynx was normal. There was 
no astereognosis or adiadokokinesis ; joint and muscle sense was apparently normal, 
and simple or complex movements were accurately carried out. The Romberg 
test was suspicious and probably positive. There was slight stiffness of the neck 
on deep flexion and a slight but definite Kernig sign on both sides. There was 
distinct difficulty in speech, apparently of the motor aphasia type. Ataxia and 
anarthria were absent, and evidence of bulbar symptoms was not found. 

On October 29, a lumbar puncture showed the spinal fluid to be under greatly 
increased tension, well over 400 mm. pressure. It was blood streaked and remained 
so even in the third tube. On standing, however, it became clear. The cell count 
showed 14 white cells per cubic millimeter and numerous red blood cells. Wasser- 
mann tests of the spinal fluid and blood were negative. A red blood count was 
normal, and the white count showed 6,900 cells with 61 per cent polymorpho- 
nuclears. From October 29 to November 7, the patient’s condition remained 
much the same. He varied between periods of restlessness and drowsiness, and 
realized that he remembered practically nothing of the early part of his illness. 
His headache was severe at times; at other times mild. His temperature varied 
from 97 to 100 F., but his pulse rate remained consistently low, from 44 to 58. 
There was a tendency for the headache to become left-sided, and percussion over 
the left side of the calvarium caused distinct discomfort. On November 7, he had 
his third convulsion, a clonic spasm of the right side of the face, arm and leg, 
accompanied by marked motor aphasia. The left pupil was larger than the right, 
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and there was a marked increase in the deep reflexes on the right side. These 
phenomena soon cleared up, and motor weakness was not seen. On November 8, 
his headache was persistent and severe, the greatest intensity being on the left 
side. The deep reflexes on the right side were again heightened, but abnormal 
reflexes of the Babinski group were not present. A second lumbar puncture 
again showed a markedly increased pressure, but the spinal fluid was now straw 
colored. The cell count was 18 per cubic millimeters. Roentgenograms of the 
skull at this time did-not show evidence of fracture. On the morning of November 
11, his difficulty in speech had increased, and there was a demonstrable loss of 
power of the right side as compared with the left, accompanied by hyperflexia on 
the side and a suspicious Babinski sign. He was removed to a hospital, and an 
exploration of the left hemisphere decided on, a tentative diagnosis of subdural 
hemorrhage being made. 

Operation and Course.—A liberal osteoplastic flap was turned down without 
difficulty from bleeding. The dura was bluish, bulging and under great tension. 
There was a fine spidery-web appearance along the meningeal vessels, which was 
attributed to fibrin. The dura was opened cautiously because of the great pressure, 
and an apparently organized blood clot was encountered which was _ loosely 
adherent to the inner lining of the dura, and which, on the surface, was a mottled 
reddish green resembling the surface of the liver. This clot filled the entire area 
exposed by the turned down flap. Its outer surface was definitely organized, and 
on opening the lining membrane dark liquid blood and clots escaped. The inner 
lining was translucent and a bright green through which the flattened convolutions 
of the depressed hemisphere could be seen. The “blood cyst”’—for that is what it 
resembled—covered the entire frontal parietal and temporal lobes and thinned out 
as it approached the occipital region. It was about 6 cm. thick over the deepest 
portion, that is, the frontal and temporal lobes. Several points of rupture of the 
pial vessels could be made out in the region of the junction of the sylvian and 
rolandic fissures, and the inner membrane was firmly adherent here. The middle 
meningeal was not ruptured. At several points over the cortex the inner mem- 
brane, which for the most part was easily stripped from the arachnoid, was closely 
adherent to an underlying pial vein which was engorged above the point of 
adhesion and thrombosed below it (fig. 1). 

The patient made a rather stormy recovery during the following week, the 
bone flap becoming elevated and a spinal fluid leak occurring, which lasted about 
ten days. At this time it was feared that there was a recurrence of the hemor- 
rhage, but the wound was not reopened, and by the end of a fortnight the flap 
was back in normal position. The aphasia and motor signs quickly cleared up. 
Three years after the operation, the patient was attending to his professional 
duties as usual. 

Comment.—The pathologic condition was almost the same as that 
found in case 1. The hematoma, however, was of shorter duration, 
estimated at about one month, and the contents were composed of a 
dark greenish fluid in which many fragments of black clot floated. 
The probable origin of the hemorrhage was from the pial veins, as they 
were found to be thrombosed at one or two points, and at these points 
the inner neomembrane was firmly adherent. At all other points the 
inner membrane was so loose that it could be moved over the cerebral 
convolutions with the finger, and was easily stripped from the underlying 
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arachnoid itself. Drainage was not employed in this case, but subse- 
quently there was a large accumulation of cerebrospinal fluid under the 
flap, which required removal on one or two occasions. 


Case 3.—Chronic subdural hematoma, left side, resulting from minor injury 
of the head in football game. Initial injury almost overlooked. Gradual develop- 
ment of signs of greatly increased intracranial pressure culminating at the seventh 
month in localizing signs such as aphasia and moderate paresis. Removal of hema- 
toma; recovery. 


History.—J. S., a school boy, aged 13, referred by Dr. Dudley Fulton of Los 
Angeles, on Feb. 29, 1924, in the latter part of October, 1923, tripped while playing 
football; another player fell on his head, and he was dazed for a short time but 
was not unconscious. He continued to play, although he had a bad headache. He 
continued at school as usual, and, being active, engaged in outdoor sports. He 
found that if he ran, jumped or was jostled, he would have a headache. If 
he “played easy,” he was all right, but as the season advanced he had to stop 
playing football because of attacks of headache. He complained little at home 
and nothing wrong was noticed until early in December, when he had what he 
termed “his first spell.” He awakened one morning with a severe headache and 
vomited. During this month the headaches, which had been intermittent, became 
more frequent and more severe. He had three or four headaches which were 
associated with nausea and vomiting. 

Early in January, 1924, there were a few times in school when he could not 
think of what he wanted to say. These attacks were fugitive and short. Aphasia 
was not noticed at home. His headaches gradually became more constant, and it 
is doubtful whether he was really free from pain at any time during the first 
few months of the year. He complained of dizzy spells, which lasted a short time 
and usually came on after he had been in bed. He mentioned a roaring in the 
right ear, heard most plainly when that side of the head rested on a pillow. He 
did not complain of any trouble with his eyes. 


Examination Examination, on February 29, revealed a half grown lad who 
suppressed his emotions and minimized his symptoms. He did not seem to realize 
what “it was all about.”” The percussion note over the calvarium was exceedingly 
high pitched. The head was not large, and unusual depressions or irregularities 
were not noted. The cranial nerves were negative with the exception of a marked 
bilateral choked disk and an atypical nystagmus on looking to the right and to 
the left. The fundi showed both disks to be completely obscured; the veins were 
tortuous, rather full and in places deeply embedded. The arteries were swollen 
and in places embedded. New tissue filled the optic cups and streaked the vessels. 
Hemorrhages or exudates were not present. An elevation of 3 diopters was 
estimated, and the process was obviously of long standing. The pupils were of 
medium size, regular, and equal and reacted well to light and to distance. His 
mental reactions were alert, and his memory was good. He stated that on one or 
two occasions he had been unable to read, but he attributed this to “a blinding 
headache.” There was no constriction of the visual fields. Sensory or motor 
disturbances was not observed. Stereognostic sense was good. The boy was 
right-handed, right grip 40 and left grip 35. His station was good and his gait 
normal. All the superficial and deep reflexes were obtained, within normal limits 
and equal. Babinski, Oppenheim and Gordon signs and ankle clonus were 
not obtained on the right or left. The pulse rate was slow, averaging 60 a minute. 
The blood pressure was 118 systolic and 80 diastolic; the temperature was normal. 
Results of general blood examination were normal, and the Wassermann reaction 
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was negative. A lumbar puncture was not deemed advisable because of the high 
intracranial pressure, as at that time a lesion of the posterior fossa was suspected. 
Stereoscopic roentgenologic examination of the skull failed to reveal the presence 
of a fracture or of any other pathologic condition. 

On March 5, the laboratory observations were as follows: hemaglobin, 81 per 
cent; color index, 0.84; red blood cells, 4,824,000; white blood cells, 9,300; differ- 
ential count: polymorphonuclears, 65 per cent; lymphocytes, 33 per cent and 
transitionals, 2 per cent. Urinalysis showed a faint trace of albumin. The 
temperature was from 98.2 to 99 F.; pulse rate, from 50 to 69; respirations, from 
16 to 19; blood pressure, 118 systolic and 60 diastolic. 


Course of Illness—During March, there were periods of bad headache lasting 
from three to five days. During some of these he had projectile vomiting. 
Definite, localizing signs could not be found, although it was evident that there 
was a general increase in intracranial pressure. The eyegrounds showed some 
advancement of the choked disks, with elevation estimated at 4 diopters, and a 
few small hemorrhages appeared in both retinae. For a few days early in the 
month, a transient diplopia appeared. This was brought out only when the boy 
fixed on an object a block away, and no imbalance of the globes could be detected. 
Abnormalities in the superficial or deep reflexes were not noted at any time. He 
remained alert, and between his days of headache and vomiting, played ball about 
the garden, chafed under restraint put on him and wanted to go to school. On 
April 20, he tried to high jump and vaulted 4 feet. That afternoon he climbed 
up on a garage roof and slid off to the ground about 15 feet below. On the 
morning of April 21, he awoke with a terrific headache and vomiting. He was 
delirious with pain. An examination was unsatisfactory, as he moved about 
and held his head between his clenched hands. In the afternoon, his pain 
lessened, and the delirium passed away. He was weak and groggy and was 
unable to stand or walk unassisted, but there was no evidence of true ataxia. The 
eyegrounds showed swelling of 5 diopters on the left and 4 diopters on the right. 
Fresh hemorrhages were seen. All superficial and deep reflexes were within 
normal limits, and seemed equal. Abnormal reflexes of the Babinski group were 
not present on the right or left side, nor could motor or sensory changes be found 
anywhere. On April 24, he again had a violent headache with vomiting. He was 
aphasic for about half an hour that morning, not being able to name a jacknife and 
other familiar objects. There was noticeable weakness of the right grip, and the 
right leg seemed weaker than its mate. ‘These motor changes were accompanied 
by slightly heightened deep reflexes and diminished superficial reflexes on the 
right side. 

Operation.—A left osteoplastic flap was performed on April 25. The flap was 
turned down without difficulty. The dura was under tremendous tension; it was a 
little bluish in the temporal region, but otherwise was about normal in color. A 
liberal decompression was made because of the great tension under the dura. The 
membrane was opened completely in the temporal region, and at once it became 
apparent that there was an encapsulated hematoma. The dura was then turned 
back in a flap, exposing an unusual condition. The entire area of the bone flap 
was filled with a bulging, dark, mottled structure. It was of a greenish cast, 
resembling the surface of a liver and bulged at least 2 cm. above the flush of the 
cut dura. The lining of this hematoma was intact throughout, and there were 
fine adhesions between it and the inner surface of the dura, from which it 
stripped easily. On opening this neomembrane, a yellowish-green fluid spurted out. 
The fluid was clear, but contained a few small, black blood clots floating about. A 
large window was then made in the outer wall of the cyst and the contents 
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removed. The inner layer of the lining membrane was a yellowish green and 
was translucent. The convolutions of the brain could be seen indistinctly through 
it, and it could be moved easily by the finger over the underlying brain. There 
were fine loose adhesions between it and the outer layer of the arachnoid, which 
seemed intact. The convolutions of the brain were flattened, and the hemisphere 
had been compressed at least 6 cm. at the greatest point of pressure. The clot 
covered the entire frontal, temporal and parietal lobes, and extended over the 
anterior half of the occipital lobe. It was free, except near the tip of the frontal 
lobe and in a few places where there were adhesions to the pial vessels. The 
strongest adhesions were near the junction of the rolandic and sylvian fissures, 
from which it was assumed the hemorrhage occurred. The membrane was not 
removed from these vessels. The middle meningeal appeared normal. The dura 
presented many petechial points where the capsule had been stripped from its 
inner surface and was wetter than one could wish before closure; however, the 
dura and the scalp wound were closed tightly without drainage. The patient 
stood the procedure well, although the operation lasted three hours. 

The postoperative course was stormy for the next week, as the patient became 
drowsy and had a slow pulse rate, and the bone flap became elevated about 1 cm. 
A probe was introduced into the wound allowing the escape of large quantities 
of yellowish spinal fluid, and this leak persisted for about ten days. The wound 
healed by first intention, and the boy made a perfect recovery, walking out of the 
hospital in less than three weeks’ time. He has remained well to date. 


Comment.—This boy was under observation nearly five months. In 
spite of the very large hematoma which occupied the left subdural space, 
there were not any localizing symptoms or signs present. His mentality 
was alert, except during periods of violent headache. A transient 
slight diplopia was present at one time, and there were probably times 
when he had mild aphasic attacks which were not observed. Only at 
the end did he show localizing symptoms in the form of right-sided 
weakness and reflex changes. The percussion note over the calvarium 
was high pitched, simulating the cracked pot note suggesting advanced 
internal hydrocephalus; the note, however, was not different on the 
two sides of the head. A lumbar puncture was not performed because 
of the great increase of intracranial pressure, and also because an acute 
medullary herniation was feared, since I could not convince myself for 
a long time that his symptoms were not cerebellar in origin. The con- 
tents of the hematoma in this case (estimated of eight months’ duration ) 
were quite different from the contents described in case 2 (one month’s 
duration). The sac contained light-yellowish, clear fluid, and relatively 
few free blood clots were present. In time, it is not improbable that 
the fluid would have become transparent and colorless—a _ true 
“hygroma” as described by Virchow. The outward appearance of 
the membranes in spite of their age was the same as that seen in 
earlier cases. There was no lamination of the wall, and it was not 
appreciably thicker than that in earlier cases. Again the convalescence 
was stormy for the first week or ten days. A decompression had been 
provided in this instance and bulged appreciably for several weeks, 
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finally becoming flat. It is supposed that this was caused by edema 
subsequent to the removal of the hematoma. However, it is doubtful 
if there was enough edema to demand a decompression as other patients 
have done as well without it. 


Cast 4.—Chronic subdural hematoma, left side, caused by bumping nose against 
automobile. Profuse epistaxis, headaches developed several weeks later. In the 
third month, choked disks and right hemiparesis appeared. Coma. Removal 
of hematoma; recovery. 

History.—J. G., a man, aged 40, married, a civil engineer, referred by Drs. T. C. 
Lyster and S. D. Ingham of Los Angeles, on May 6, 1924, had a personal history 
which may have had some bearing on this case, as the patient had been observed 
twice in sanatoriums because of periods of marked mental depression. One of 
these periods was about a year before the onset of his present trouble. It is not 
known whether a diagnosis of any kind of psychosis had been made; a manic- 
depressive type may have been suspected. The patient was inclined to be morose, 
introspective and despondent at times, and had done little productive work for 
several years. About April 1, 1924, while lifting some object in his garage, he 
slipped forward and struck his nose against his automobile. He was not rendered 
unconscious, but had a profuse bleeding of the nose which continued intermit- 
tently for several days following the injury. About ten days after the injury, he 
began to have headaches. At first they were not severe and were frontal and 
bitemporal; later they became more constant and more severe, and he complained 
particularly of pain back of the eyes and across the forehead. About May 1, a 
month after the accident, the headaches became so bad that he could hardly 
endure the pain, and he was unable to sleep. At times he was nauseated and 
vomited. About this time, he began to notice blurring of vision. He consulted 
Dr. Lyster. On May 2, a lumbar puncture was performed, which showed the 
spinal fluid to be under increased pressure and of a light straw color. This 
tinging of the fluid could be seen best by looking into the depths of the test 
tube. The fluid contained 5 cells per cubic millimeter, a faint trace of globulin 
and showed a negative Wassermann reaction. From May 1 to May 6 the patient 
was observed repeatedly; he was usually lethargic and stuporous, but was well 
oriented for time, place and person. He complained almost constantly of frontal 
and bitemporal headaches. The percussion note over the skull was high pitched. 
An examination of the eyegrounds showed a choked disk of long standing with 
some embedding of the veins, filling in of the optic cup with new tissue and an 
occasional fine hemorrhage. There was about 2 diopters swelling on the right 
side and 3 on the left. The neurologic examination was essentially negative. 


Examination—On the morning of May 6, his stupor increased rapidly, and he 
went into semicoma. A lumbar puncture performed on that date showed the fluid 
to be under 325 mm. pressure, and still of a pale straw color. About noon, there 
was evidence of slight weakness of the right side of the face and of the right 
upper extremity. At this time an increase of the deep reflexes of the right upper 
and lower extremities was observed. Heretofore they had been normal and equal 
on both sides. A positive Babinski sign, ankle clonus and Gordon sign developed 
on the right side; the left remained normal. The abdominal and epigastric 
reflexes, heretofore normal and equal, showed a decrease on the right side. The 
patient did not have any convulsions. The blood examination showed hemoglobin, 
70 per cent; red blood cells, 4,780,000; white blood cells, 6.201; differential count: 
polymorphonuclears, 67 per cent; lymphocytes, 30 per cent; eosinophils, 2 per 
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cent, and basophils, 1 per cent. The blood Wassermann test was negative. A 
diagnosis of chronic subdural hematoma of the left hemisphere was made, and an 
exploration was carried out. 

Operation and Course.—A liberal left osteoplastic flap was turned down on 
the left side. There was excessive bleeding of all the soft tissues and of the 
bone. The middle meningeal artery was injured on turning the flap and required 
packing. The dura on the whole appeared to be about normal in color, although 
in places there was a dark bluish cast transmitted through. It gave a peculiar 
boggy feeling, as though there were fluid beneath. On opening the dura, the outer 
lining of a large encapsulated hemorrhage was discovered. This membrane was 
of a mottled color, and had more of a bluish and less of a greenish tone than 
some of the older ones. The outer fibrous membrane was opened, and the contents 
of the cyst were found to contain black clots floating in dark liquid blood. The 
greenish content of the older hemorrhage was not noted here. The hematoma 
was thickest over the frontal lobe, measuring about 4 cm. It covered the frontal, 
temporal and parietal lobes, thinning out over the occipital areas. The inner 
membrane of the clot was much thinner than the outer, and could be moved 
easily over the underlying arachnoid. It was of a dark grayish cast, almost 
opaque, the underlying convolutions of the brain being hardly visible through it. 
It separated easily from the outer surface of the arachnoid and was not adherent 
at any point to its surface. The outer membrane was loosely adherent to the 
dura, and on stripping it from this structure the entire under surface of the dura 
oozed. The contents of the hematoma were evacuated, and the membranes were 
stripped practically in toto from the under surface of the dura and from the 
arachnoid. Probable points of hemorrhage either from the pial vessels or from 
the dura were not encountered in this case. The brain was compressed by the 
clot high up toward the longitudinal sinus; the cortex was grayish and mottled, 
and the pial’ vessels were streaked with new tissue. In this region the cortex 
gave the appearance so often seen in epilepsy. Great care was taken to have the 
field dry before the closure, which was made without providing a decompression. 
The patient left the table in fairly good condition after a three hour procedure. 

For the next few days the patient’s condition was unsatisfactory. His tempera- 
\ure ranged around 101 F.; the pulse rate, from 120 to 140; the stupor increased, 
and there was elevation of the bone flap. On the third day, a probe was intro- 
duced under the scalp and about 4 ounces (118 cc.) of yellowish cerebrospinal 
fluid was allowed to run out. Following this, his pulse rate became normal, and 
his condition improved. There was moderate drainage for the next three or four 
days. The wound healed by primary intention, and the bone flap dropped back 
into place within ten d?ys. 

Microscopic exammation of the membrane showed a strip of dense fibrous 
tissue resembling dura; on one side was free blood, and beyond this was looser 
fibrous tissue containing large blood vessels and numerous round cells. The 
latter resembled organized blood clot and probably is not a part of the dura. The 
diagnosis was dura and organized blood clot. 

Following the operation the patient showed a tendency to be despondent, and 
on one occasion expressed the fear of losing his mind. It is not unlikely that 
this is the same type of melancholia for which he was sent to a sanatorium a 
year or two before, possibly as having a mild form of manic depressive psychosis. 
He has not had any convulsions or headache since the operation. He described a 
strange feeling across the front of his head as “though he wanted to take it out 
and wash it.” The eyegrounds became normal within a few weeks, and with the 
exception of some new tissue in the optic cup and haziness of the nasal side, the 
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disk margins appeared to be normal. The cranial nerves throughout appeared 
normal. It should be stated that for a few days following the operation there was 
transient diplopia. Coordination was good. The right-sided weakness, which 
suddenly developed the day of the operation, was gone. All the superficial and 
deep reflexes were lively and equal. Abnormal reflexes of the Babiuski group 
were not present. 


Comment.—tThis patient had exhibited a mental complex, possibly of 
a maid manic depressive type before his injury. Following the removal 
of the hematoma and satisfactory recovery from the operation, the 
mental symptoms continued, probably much the same as before. The 
localizing signs, as in case 3, came on with remarkable rapidity at the 
end, in each instance preceded by a violent headache and an increase in 
stupor. He showed more evidence of postoperative edema than any 
other patient in this series, even to a rise in temperature and a rapid 
pulse rate. After removal of several ounces of cerebrospinal fluid, the 
cerebral balance was again established, and a second episode did not 
occur. 


Case 5.—Chronic subdural hematoma, left side, caused by falling 18 feet. 
Immediate symptoms those of slight concussion. Patient returned to work but 
was forced to stop because of headache. Focal symptoms in the nature of aphasia 
and jacksonian epilepsy appeared about four months after injury. Removal of 
hematoma ; recovery. 

History.—W. G., a man, aged 32, married, referred by Dr. William T. Cade, Jr., 
of Los Angeles on July 11, 1924, had fallen 18 feet from a derrick on March 22; 
he was unconscious for about two hours. Bleeding from the ears did not occur, 
nor was the scalp lacerated. His back was lame for several days. He was unable 
to work again until April 8; then he “was able to perform some of his duties, but 
not all,” until May 12. On May 10, he began to have a headache, but he con- 
tinued at work for the next two days. Nausea and vomiting set in on May 12, 
and by May 14, his pain was intense; his pulse rate was subnormal, from 55 to 60, 
and his temperature was 97.6 F. He was taken to a hospital in Santa Ana on 
May 17, where he was studied by Dr. F. E. Coulter. A lumbar puncture, which 
was performed about this time, showed the spinal fluid to be clear and not under 
increased pressure. The headache was intermittent, mostly in the right frontal 
region, but when severe, the pain was all over the calvarium. During the month 
of June, the patient’s symptoms, both subjective and objective, improved, probably 
because he remained in bed. Localizing signs were not discovered until July. 
Dr. Coulter, who had him under observation, writes: “On July 10, 1924, about 
10:30 a. m., a very different condition was encountered. At the latter date, a 
history of several spells was obtained, which appeared to be of a jacksonian 
variety but of the petit mal type. One of these occurred when I was present. In 
the manifestations observed by me he was wholly unable to speak or answer ques- 
tions for about one to two minutes. He did not move his right arm or face, and 
there was no jerking or tremor of any portion of the body observable. A bewil- 
dered look was on his face, and I should conclude that full consciousness was 
absent for the period referred to. In a previous attack occurring two days before 
he described numbness and tingling as being present in the right forefinger 
extending to the other fingers of the same hand and up the arm to the shoulder 
and into the right side of the face. At this time he was unable to talk, and the 
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entire duration of this spell was one to two minutes. This was followed by a 
severe headache lasting two to three hours. The deep reflexes in both the upper 
and lower right extremities were found at this time to be less active and to tire 
more readily than those on the left. This applied to the abnormal reflexes as 
well. Motor changes in the right extremities were but slightly altered, if at all, 
from those found in the left.” 

I observed the patient for ten days before operation, on July 22, at the Good 
Samaritan Hospital. During this time he was clear and alert mentally. He 
complained of some headache each day, but the pain was not localized. He was 
not nauseated and did not vomit. On several occasions there was some confusion 
in speech when he could not think of the right word. During these short aphasic 
periods, he complained of numbness of the fingers of the right hand, the numbness 
extending up the right arm and right side of the face. The right leg was never 
involved. 

Examination.—The percussion note over the calvarium was high pitched. The 
eyeground examination revealed choked disks of long standing, the disk margins 
being entirely wiped out, the vessels embedded and new tissue obliterating the 
optic cups. There was an elevation of 4 to 5 diopters, the higher reading being 
on the left side. The cranial nerves were normal and motor or sensory dis- 
crepancies were not observed in any upper or lower extremity. Astereognosis 
was not present on the right or left. The patient cooperated well on examination ; 
his station was good and his gait normal. The abdominal reflexes were normal 
and equal. The biceps, triceps, radial and finger reflexes were not exaggerated 
and seemed to be equal. The knee reflexes were active, the left apparently being 
more so than the right. At times an ill sustained ankle clonus was present on 
the right side. Abnormal reflexes of the Babinski group were not shown at any 
time. Roentgenograms of the skull were taken, and with the exception of some 
thinning of the posterior clinoids, any pathologic condition was not shown. The 
spinal fluid again showed a normal pressure, was clear, contained one cell per 
cubic millimeter and gave a negative butyric and Wassermann reaction. The 
blood Wassermann reaction was also negative. The blood examination showed 
the hemoglobin, 77 per cent; color index, 0.93; red blood cells, 4,664,000; white 
blood cells, 14,400. Urinalysis was negative with the exception of a faint trace of 
albumin and an occasional hyaline and granular cast. 





Operation and Course.—A liberal bone flap was turned down on the left side. 
There was excessive bleeding from the soft tissues and bone. The dura was 
under increased tension. It was of a pale bluish cast in places and had a feeling 
almost of fluctuation, especially near the longitudinal sinus (fig. 4). The mem- 
brane was first opened over the temporal lobe, liberating an excess of clear spinal 
fluid, and disclosing a wet, edematous cortex with engorged vessels. A second 
opening was made through one of these bluish areas in the midparietal region, and 
the outer wall of a typical encapsulated subdural hemorrhage was encountered. 
The dural flap was turned back and the “blood cyst” was seen It extended from 
the midparietal region up to the longitudinal sinus and forward to the tip of the 
frontal lobe, covering most of this structure (fig. 5). It did not extend down to 
the temporal lobe, nor did it cover any part of the occipital lobe. The outer 
surface of the neomembrane was of a bluish-green mottled appearance, and was 
loosely adherent to the inner surface of the dura by many fine adhesions. The 
posterior and lower margins of the hematoma could be studied where it tailed off 
into the normal cortical surface. There were many fine, spiderweb adhesions run- 
ning back over the outer surface of the adjacent arachnoid, but the inner mem- 
brane was freely movable over the pial surface of the brain. The posterior and 
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inferior margins could be rolled away from the brain with a blunt dissector and 
the fingers. The outer wall of the clot was opened, and an abundance of dark 
greenish fluid and a large mass of blood clot were removed. As in other cases, 
the outer lining was about 2 mm. thick and opaque, while the inner surface was 
much thinner, translucent and could be moved over the underlying cortex with 
the fingers (fig. 6). The clot was about 4 cm. thick in the parietal and midfrontal 
region, and the underlying brain showed marked depression where the hematoma 
had lain on it. In dissecting the membrane from the frontal region, sharp bleed- 
ing was encountered far forward. This was controlled by temporary packing with 
cotton, which was removed subsequently, leaving a dry field before closure. The 
middle meningeal artery was intact, and the lining membrane of the hematoma 
was not unduly adherent, except far forward in the frontal region. It was assumed 
that the hemorrhage originated from the pial vessels or radicals of the longitudinal 
sinus in the frontal region, although this was not accurately determined. The 
under surface of the dura oozed considerably after the underlying hematoma was 
stripped from it. The dura was closed, a folded gutta-percha drain being placed 
under it to provide adequate drainage, as the operator was not satisfied with the 
dryness of the field on closure. The procedure lasted three hours, and the patient 
left the table in fairly good condition. 

He made a satisfactory convalescence and left the hospital on August 24. 
There was free drainage for about a week following the operation, but the bone 
flap never became elevated as it did in cases 2 and 3. Aphasia or jacksonian 
episodes did not return. His eyegrounds became flat in a few weeks, and the 
headache disappeared to a great extent. Strange to say, he complained of a sharp 
pain in the right frontal region for many weeks following the operation. This 
persisted intermittently and with decreasing frequency and intensity for almost 
a year. He returned to work as a fireman in the oil fields on Sept. 22, 1924, and 
has been working constantly. 


Comment.—In this instance there is a history of more severe injury 
of the head than in the other cases reported. The man fell 18 feet, 
became unconscious immediately and remained so for two hours. He 
attempted to return to work the next day, but was unable to continue, 
not because of headache but because of lameness: in his back. He 
worked from April 8 to May 12, when he was forced to stop because 
of headache. For the next two months, localizing signs were not seen, 
and then suddenly there were periods of aphasia with numbness of the 
right hand. The hematoma in this case was high up near the longitudinal 
sinus, and gave rise to the question whether it did not come from the 
venous radicals of this structure, as suggested by Trotter. The presence 
of a rather severe frontal headache on the right side following the 
operation raised the query whether there might have been a second 
hematoma over the right frontal lobe arising from the radicals of the 
sinus on that side. 


Case 6.—Chronic subdural hematoma right side; occasioned by fractured 
skull. Immediate symptoms mild and cleared up. Discharged from hospital im 
satisfactory condition, three weeks after injury, to return six weeks later in 
coma. Operation ten weeks after injury revealed hematoma which was simply 
drained. Surrounding membranes of hematoma not removed. Recovery. 
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History —W. L., a man, aged 62, married, who was first admitted to the 
Los Angeles General Hospital on Jan. 16, 1926, about 9 o’clock that morning 
while alighting from a street car had been struck by an automobile and had 
become unconscious. He was taken to the City Receiving Hospital, and from 
there transferred to the Los Angeles General Hospital, where he arrived in a 
stuporous condition. He remembered nothing of what had happened until after 
his admission to the General Hospital. Later in the day, he complained of intense 
headache, was nauseated and vomited. He was drowsy at times. There was a 
hematoma over the right temporal region, with a laceration of the scalp 2 cm. in 
length. 

On January 17, the second day in the hospital, he was conscious, and his 
mental condition was clear. The lids of both eyes were swollen and discolored. 
The pupils were equal, regular and reacted sluggishly to light. An examination 
of the eyegrounds showed the nasal margins of the disks to be hazy and the 
temporal margins, clear. The vessels did not show any unusual changes. Hemor- 
rhages or exudates were not present, nor any measurable elevation of the retinal 
structures. Cranial nerve disturbances were not made out, nor were there any 
motor or sensory disturbances of the extremities. The deep reflexes of the upper 
extremities were present, unusually active and equal. The knee and achilles 
tendon reflexes were sluggish, but about equal. Abdominal reflexes of the 
Babinski group and ankle clonus were not obtained on either side. The patient’s 
temperature varied from 97.8 to 98 F.; the pulse rate, from 64 to 92; respirations 
remained constant at about 20. Roentgenograms of the skull showed a linear 
fracture of the right frontal region running down into the right orbit. The case 
was considered one of linear fracture of the skull and concussion of the brain, 
the patient going through the usual period of headache. He was allowed up on 
February 3, eighteen days after the injury. On February 7, he was discharged 
from the hospital, having been up and about the ward for four or five days. At 
that time he was not complaining of headache, and he walked out in good 
condition, 

Examination—On March 29, the patient was readmitted to the hospital with a 
diagnosis of “post-traumatic hysteria.” He was confused mentally, did not answer 
questions, and did not cooperate well on examination. On April 1, it was noticed 
that the right pupil was considerably larger than the left. Both pupils reacted to 
light and to accommodation. Nystagmus was not noted. The left grip was 
considerably weaker than the right, while the strength of the legs seemed equal. 
The abdominal and epigastric reflexes were normal and equal; the cremasteric 
reflexes were sluggish and equal, and the deep reflexes of the upper and lower 
extremities were much exaggerated and about equal; it was questionable whether 
they were greater on the right side than on the left. Abnormal reflexes of the 
Babinski group and ankle clonus were not present on either side. The general 
physical examination, as far as the heart, lungs and abdomen were concerned, was 
normal. On April 3, his stupor deepened, and during the afternoon he became 
unconscious. By 8 o'clock in the evening, his coma was so deep that he could 
not be roused by any ordinary means of stimulation. His pulse rate had dropped 
to 48. The right pupil was still somewhat larger than the left. An examination 
of the eyegrounds revealed considerable haziness of the margins of the disk on 
the right side, with obliteration of the optic cup and moderate engorgement of 
the veins. The retina appeared normal. Hemorrhages and exudates were not 
present, nor any measurable elevation, or embedding of the vessels. The fundus 
on the left side showed a similar picture, except that there was less haziness of 
the temporal disk margin, and the optic cup could be distinctly seen. The vessels 
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appeared within limits of normal. The patient’s breathing was deep and slow, and 
on expiration the left side of the face puffed out, possibly indicating weakness 
of that side. There was marked spasticity of all extremities. The superficial 
reflexes, abdominal, epigastric and cremasteric were absent. All the deep reflexes 
of both upper and lower extremities showed great hyperactivity, but were about 
equal. The Babinski, Oppenheim, Chaddock and Gordon signs were strongly 
positive on both sides. There was marked ankle clonus on both sides. The 
spinal fluid was clear, colorless, under increased pressure and contained 7 cells 
per cubic millimeter, and gave a negative globulin reaction. The blood Wasser- 
mann reaction was negative. The urine showed a specific gravity of 1.03, was 
negative for sugar and acetone and casts. The blood chemistry showed non- 
protein nitrogen, 40; uric acid, 2.5. It was considered that the patient had a late 
subdural hemorrhage on the right side, and encapsulation was suspected. 
Operation and Course—On April 3, a right subtemporal decompression was 
performed, with evacuation of the hematoma. On uncovering the dura this 
membrane was found to be under increased tension and was of a mottled, bluish 
color. Although pulsation was not visible, when one pressed his finger against 
the dura, a pulsation transmitted from the brain could be felt. On opening the 

















Fig. 7—Photograph of two portions of the lining membrane of chronic sub- 
dural hematoma in case 6. On the left, the neomembrane has been filled with 
cotton to bring out the contour. The outer surface of the subdural part of 
the membrane is shown; on the right, one looks into the depths of the sac. 
The thicker or subdural portion is below while the thinner or arachnoid 
surface is above. Fragments of the clot can be seen adhering in places. The 
entire hematoma, which overlay the left frontal lobe, measured 8 by 8 cm. in 
diameter, and was 8 mm. in thickness. 


dura, a typical neomembrane of an encapsulated hemorrhage was found. This 
adhered loosely to the under surface of the dura by spider-web-like adhesions. 
The dura was turned back by stellate incisions, and the neomembrane bulged 
about 0.5 cm. above the opening. A ventricle needle was introduced through the 
capsule and about 2 ounces of cloudy, dark-greenish fluid escaped. The outer 
membrane was opened, and the extent of the hematoma explored with the finger. 
There were many large flocculi of organized black blood clot floating in the 
remaining fluid, which were removed manually. After washing out the cavity 
with physiologic sodium chloride, the finger was introduced and passed about 
the inside of the sac. This occupied an area overlying the entire frontal, temporal 
and parietal lobes and thinning out as one went back into the occipital region. It 
was about 5 cm. in thickness over the frontal and temporal lobes. The inner 
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neomembran> was examined. It was translucent, the underlying convolutions 
of the brain being visible beneath it, and as one passed the finger between it and 
the cortex the membrane separated easily. The gloved finger could be seen 
almost as plainly through this membrane as if it were not covered. The con- 
volutions of the brain were flattened and the pial vessels congested, but not 
streaked with new tissue. The arachnoid did not appear to be bluish or thickened. 
The cortex was of a slight yellowish color. The inner lining membrane of the 
hematoma was separated from the surface of the brain as far as the finger could 
reach in all directions, but it was not removed. Sections of the outer membrane 
and dura were taken for microscopic study. The entire procedure was almost 
bloodless, as the outer neomembrane was not separated from the under surface of 
the dura. A folded gutta-percha drain was placed over the cortex and brought 
out at the lower pole of the incision before a closure was made. The operative 
time was forty-five minutes. 

The patient was conscious on the following morning, but his mental condition 
was not clear. He used all extremities well. The Babinski sign and ankle clonus 
which were present just before operation, had almost disappeared. The spasticity 
of the extremities had disappeared. There was considerable drainage of yellowish 
cerebrospinal fluid through the dressings. The drain was removed on the second 
day, and the patient’s mental condition rapidly became clear. 


Comment.—This patient came under observation almost immediately 
after his accident and remained in the ward for a little more than three 
weeks, when he was discharged, apparently recovered. Symptoms of 
acute intracranial pressure were never present, nor were there any local- 
izing signs. His case apparently belonged in the same class as many 
other cases of injury of the head diagnosed as linear fracture and 
concussion of the brain; it ran the usual course seen in such cases of 
moderate severity. A lumbar puncture was not performed on his first 
admission, as his symptoms did not seem severe enough to indicate it. 
Following his discharge, a period of approximately seven weeks elapsed 
before he returned. He was unable to tell what had occurred during 
this interim, except to say that he had stayed at his boarding house most 
of the time, and that he had had periods of severe headache. He said 
that he had stayed in bed a few days prior to his readmission to the 
hospital ; of this time he had little, if any, recollection. After removal 
of the contents of the hematoma, his mental condition cleared rapidly, 
and he remembered the period spent in the ward and his attending 
physicians during his first stay. Looking back on his case, it seems 
improbable that the hematoma could have been present during the 
period of his first admission. 

The operative procedure in this case was different from that in the 
others, a simple decompression instead of an osteoplastic flap being 
performed. This was chosen because of the patient’s age, and because 
his general condition was critical. Simple emptying of the hematoma 
seems to have given as prompt relief as the more extensive exploration 
with removal of the membranes. I have the impression that there was 
less cerebral edema following the decompression than in the other cases. 
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The fate of the lining membranes of the encapsulated hematoma fur- 
nishes interesting speculation. It would hardly seem that there would 
be as many adhesions to the underlying arachnoid as would result from 
allowing the brain to press against the raw inner surface of a dura from 
which the other membranes had been denuded. I doubt if drainage 
is necessary in cases in which simple decompression and evacuation 
of the contents of the hematoma are performed. It seems reasonable 
that there would be less oozing than when a more extensive operation 
is performed. 


Case 7.—Chronic subdural hematoma, left side. Patient, a nonagenarian, was 
struck on the head by an assailant. Unconscious only a few minutes. A period 
of three months followed during which his mental condition varied greatly. 
Mental changes were considered as incidental to his age. Autopsy revealed exten- 
sive subdural hematoma overlying left frontal lobe. 


History.—P. M., a Mexican, aged 90, when admitted to the Los Angeles 
General Hospital on May 28, 1926, stated that earlier in the day while walking 
along the street some one came up behind him and struck him on the head. He 
was stunned by the blow and fell to the sidewalk, breaking the right olecranon. 
He recovered consciousness in a few minutes, but was still somewhat confused 
on his arrival at the hospital. 


Examination—Examination revealed superficial abrasions of the scalp in the 
left parietal and occipital regions. The right olecranon was fractured. A small 
ventral hernia presented in the epigastrium, and was supposed to be a factor in 
producing attacks of hiccup which were persistent and distressing for days at a 
time during his illness. He did not complain of headache at any time, nor did he 
vomit. There were not any unusual irregularities or depressions felt in the 
calvarium. Roentgenograms of the skull failed to reveal a fracture. Results of 
the neurologic examination were essentially negative. The pupils were equal and 
reacted sluggishly to light and distance. Cranial nerve disturbances were not 
observed. He was never palsied in any extremity. All of the deep reflexes of 
the upper and lower extremities were present, being about normal and equal. 
Abnormal reflexes of the Babinski group were not obtained; nor was there ankle 
clonus on the right or the left side. The blood Wassermann reaction was negative. 
Spinal fluid studies were not carried out. The urine did not show any albumin, 
sugar or casts on the patient’s admission. During the last two months, the patient 
was incontinent. 


Course of Iliness—He was a weak old man, always mentally slow, at times 
rational, at other times irrational and stuporous. He was greatly annoyed by the 
periods of hiccup. At times he knew and conversed with his daughter and other 
members of his family who visited him. He had periods of restlessness and 
delirium when restraint was necessary, and other periods when he was decidedly 
drowsy. As time went on he gradually became weaker, and the drowsy spells 
became more prolonged. During the last month of his life, his friends remarked 
that “he didn’t seem much like himself.” Several times he went into a deep 
stupor, from which he would rouse after a day or two. His nurse said that 
“he lasted longer than anyone thought he would, and his pulse was good right 
along.” He went into a coma on August 21, and died on August 25, practically 
three months after his injury. The diagnosis at the time of death was concussion 
of the brain, fracture of the right olecranon and senility. 
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Autopsy.—The coroner’s report follows: “The brain was small and atrophic. 
Over the left frontal lobe there was an extensive encapsulated subdural hemor- 
rhage about 8 cm. in diameter. The inner surface was limited to a very thin 
membrane. The clot within was partially organized and the greatest thickness 
was 8 mm. The hemorrhage was not attached to the pia and there was no blood 
staining of the pia over this portion of the brain. There were no fractures of 
the skull and no contusion or hematomas of the scalp.” 

A portion of the removed dura with its attached neomembrane was examined 
and in every respect resembled the lining of a chronic subdural hematoma. The 
outer lining was opaque and loosely attached to the under surface of the dura 
from which it could be readily stripped even in the hardened specimen. The inner 
membrane was very thin and translucent. Portions of the sac are shown in 
figure 7, which illustrates the gross aspects of the inner and outer surfaces of 
this membrane, the contents having been removed. 


Comment.—One is humiliated to confess failure to recognize the 
lesion in this case, especially as the patient was practically under our 
constant observation from the time of injury until his death. His men- 
tal symptoms were considered partly a consequence of concussion, but 
more especially as incidental to his advanced age. Reviewing the 
clinical course in the light of the autopsy, the possibility of a chronic 
subdural hematoma even in the absence of localizing signs should have 
been suspected. So far as I have been able to learn this is the only 
instance in which a traumatic subdural hematoma has been described in 
a patient of such advanced years. 


SUMMARY 


Cases of chronic subdural hematoma are more frequent than has 
commonly been supposed. The relatively long period which may elapse 
from the initial trauma until the development of pressure symptoms 
frequently leads to overlooking of the injury as a causative factor. 
While the trauma may be insignificant, this is not always the case, as 
instances of chronic subdural hematoma may follow severe injuries of 
the head (cases 5 and 6). The importance of investigating the possible 
history of preceding trauma in all cases of obscure increasing intra- 
cranial pressure should be emphasized. 

All cases of chronic subdural hematoma in this series have shown a 
decidedly high pitched percussion note over the calvarium. In one 
instance (case 3) an internal hydrocephalus was so strongly suspected 
because of this sign that lumbar puncture was deferred. The note does 
not appear to be higher on the side of the hematoma. 

The results of the spinal fluid examination vary, depending on the 
interval which has elapsed since the injury. Practically all cases, regard- 
less of time, show some increase in the spinal fluid pressure. The color 
at first is usually “smoky” or blood tinged, later becoming yellow, straw 
colored or perfectly colorless. Instances of each condition have been 
encountered in this series. There may be an increase in cell count and 
globulin content of the fluid—or both may be normal. 








prod 


19M 


TlaM 


Tle MA 


HAA 


lo MA 


pred 
qNsay 


oUuON 


io souBiq 
SBUIOJRUY UOT 
UO[ssa1d W000 


“tet 
“BNOBAD 


souvIg uel 
RUIOJRUY = [RAOUI 
a:98R[d09380 


pue 
-ol :dey 


so BIG UU 
pue eulo}Rulay [RAOUI 
-01 dey 9198 = (400380 


souBiq 
-meur «=puRk RUlOyRUTY 
[BAOUTeI /UO[sseld u100 
ep pues dey a gseidoaso 


sou Rig 
“aur «=puRe 6«BRUO}RUTEY 
*[BAOUIOI dey a1y8B[do00 sO 


RUlO |Buy Fu; 
-4¥9U}}B BIOJaq YWRap Uap 
-pns ‘apPLijueA woe yu 
aye {NYAS Ul Worsseidap 
[Bydjav0 [VU [RAOTIA 


ainpesaolg d@Aes1adg 


pauluLejyapuy 


paujuLiejepuy 


pe yuo 
:S[assvA [UL 


pousanoyppug 


SAINSsY 
uBIA[AS 1B0 
S[ASS0A [RIG 


sainssy 
uepajAs pure 
ajpuRlol Red 
S[9880A [Vid 


pauuLiaypuy 


Uso 
JO yUIOd 
poulnssy 


aqol je UOIg 


saq O[ 
[®jeL1ed pur 


jeiodui} ‘Teyu0Ig 


S0QO| 
jejauied pur 
jequoay Apjied 
pue yeroduray, 


seqoy [Ri0d 
-119} puke pRyuO.g 


saqol 
[eyeied pur 
[B10dtie} ‘peyuo1g 


saqot [viod 
-Ule} pure [eyuoig 


saqol 
jejoned pur 
jes0odure, ‘[eyuo1g 


JO[) JO Wuayxy 


DULOJDULIF]T PDANpQnGs fo sasvy pajsoday fo Kavmung 








St QUOUL adIU,L 


syjuour 
yiey & puv OMT, ON 


SyJUOU GALT 89K 
SU IJUOM GALL, ON 

syjuou XIg 80K 

qwoWuL BuO SOK 
Sy JUOUL UIAIS ON 
}[Nsey-puy pure suols 
Ainf{uy Uae jou -[NAUOD 


pesde[q oul, 


Wl 


WAY 


Wel 


Wal 


WoT 


WT 


ee | 
apts 


JUL VSsSR 
Aq peoy wo yong 


18} 
-HO1J WUSLL ‘ainqousy 
1[oyxs Aveuly, fsunoy 
[B1JeAGs SsnojosuOsUN 
Wd Joorys Aq yonsys 


aingoeay [NYAS On SALT 
“10 UIUOUL shops 
“oon = yO} OL Ted 


ON ORIT [[OYSs OU 
shojosuooun jou 
Sa[(qouroyne UO es0U 
yoniys pue peyquings 


ainpoRiy 
snop»suoo 
[[[8qQ},O0g 





joys ou 
“un }0u 


ainpoesy [oys 
ou {snopfestooun Jou 
040 «yoRTq ‘Hulxog 


ouly} qzoYys snopes 
-uooun ! passaidep 
oiInqoRiy [83/dJ000 
:JUepPoR e[/qouroyny 


Aanfuy Jo apoy, 


ueyw 


uvy 


ue 


urn 


Aog 


ury 


uvy 
xag 


69 





oF 


81 


ar 


g¢ 
Sivax 
‘aay 


I 
osey 








ae Se 





RAND—SUBDURAL HEMATOMA 1165 


Choked disk is usually present and is frequently more advanced on 
the side of the hematoma. The elevation of the disks has been found 
to vary from 1 to 6 diopters in different cases. 

Chronic subdural hematoma may occur from childhood to old age. 
In this series, the ages have varied from 13 to 90. All cases in this 
series occurred in men. The constancy of the pathologic conditions is 
surprising, and apparently is not influenced by the age of the patient. 

The origin of the hemorrhage in certain instances (cases 2, 3 and 4) 
seems to be from the pial veins or venous radicals of the longitudinal 
sinus. 

While an osteoplastic flap and removal of the hematoma—both 
linings and contents, as suggested by Putnam—may be the method of 
choice, it is felt that such a procedure need not be followed in all cases. 
It is not unlikely that any operative proceedure such as decompression, 
with evacuation of, or simple-trephining and aspiration of the contents 
of the hematoma—will yield good results. The principle thing after 
all is to empty the hematoma. When this is accomplished it sel- 
dom, if ever, refills, although the fate wf the lining membrane is an 
open question. In the one instance of this series (case 6) in which 
the lining membranes have been undisturbed except to open and evacuate 
the clot, the patient’s recovery was as prompt as in the others (cases 2, 
3, 4 and 5) in which a more extensive operation was performed, and 
there has not been a tendency to a recurrence of the hematoma. 
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ACTINOMYCOSIS OF THE VERTEBRAE (ACTINO- 
MYCOTIC POTT’S DISEASE) 


REPORT OF FOUR CASES * 


WALTER M. SIMPSON, M.D. 
BALTIMORE 
AND 
C. ALEXANDER McINTOSH, M.D. 


MONTREAL 


More and more, clinicians and pathologists are becoming convinced 
that actinomycosis is a common disease. To Sanford and his co-workers * 
is due great credit for their success in pointing out the high incidence of 
actinomycosis in the United States. In their last two articles they have 
compiled about 670 cases. Of these, less than one third were found in 
the literature. Through extensive correspondence, they learned of 334 
unpublished cases. To these were added 135 cases from the Mayo Clinic. 
One can but conclude, then, that actinomycosis in man is much more 
common than a study of the literature would lead one to believe. 

One year after Bollinger of Munich” discovered the nature of the 
disease in cattle afflicted with lumpy-jaw (1877), Israel * described the 
same disease in man. Four years later, Ponfick * established the unity 
of the human and bovine infections. In 1885, John B. Murphy of Chi- 
cago ° described the first American cases. 

The first complete study of actinomycosis in this country was carried 
out by Ruhrah.* In 1899 and 1900, he collected the history of sixty-two 


*From the Pathological Laboratory of the University of Michigan, Ann 
Arbor, Michigan. 

1. Sanford and Voelker: Actinomycosis in the United States, Arch. Surg. 
11:809, 1925. Sanford: Distribution of Actinomycosis in the United States, 
J. A. M. A. 81:655, 1923. Sanford and Magath: The Etiology and Laboratory 
Diagnosis of Actinomycosis, Minnesota Med. 5:71, 1922. 

2. Bollinger: Ueber eine neue Pilzkrankheit beim Rinde, Centralbl. f. d. 
med. Wissensch. 15:481, 1877. 

3. Israél: Neue Beobachtungen auf dem Gebiete der Mykosen des Menschen, 
Arch. f. path. Anat. 74:15, 1878. 

4. Ponfick: Die Actinomykose des Menschen, eine neue Infectionskrankheit 
auf vergleichend-pathologischer und experimenteller Grundlage geschildert, 
Berlin, A. Hirschwald, 1882, pp. 138; Ueber eine wahrscheinlich mykotische Form 
von Wirbelcaries, Berl. klin. Wchnschr. 16:345, 1879; Ueber Aktinomykose, Berl. 
klin. Wchnschr. 17:660, 1880; Breslau. aerztl. Ztschr. 1:116, 1879. 

5. Murphy: Actinomycosis in the Human Subject, New York M. J. 41:17, 
1885. 

6. Ruhrah: Actinomycosis in Man, with Special Reference to the Cases which 
Have Been Observed in America, Ann. Surg. 30:417, 605, 722, 1899; 31:235, 
1900. 
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American cases. Clinical interest in this disease in the United States 
seems to have been first awakened by his thorough studies. In 1902, 
Erving * brought the number of cases up to 100. 

In the experience of this laboratory, actinomycosis cannot be con- 
sidered a rare disease. About thirty cases have been encountered within 
the past two years. In 1924, Coller and Adie * published an excellent 
preliminary review of fifty cases from this laboratory. 

The purpose of this paper is to direct attention to what has been 
regarded as an exceedingly rare form of the disease, namely, involve- 
ment of the vertebrae. Sanford agrees with Luckett, who says that 
actinomycosis of the bone is rare in man. Bone involvement was not 
found in the 135 cases from the Mayo Clinic. Among the 670 cases 
compiled by Sanford, there are but four in which the vertebrae were 
affected ; and of these, two are from the list of fifty-eight Michigan cases 
supplied by Warthin. These two cases will be dealt with fully in the 
present paper. The case of spinal actinomycosis casually referred to by 
McJunkin ® in the course of a discussion of another case of actinomyco- 
sis involving the jaw and cheek is likewise one of the Michigan cases 
reported by Warthin in Sanford’s series. A third case is reported to 
Sanford by Meyer *® of Cook County Hospital, Chicago, who tells of a 
boy, aged 9, who at autopsy showed actinomycosis of both lungs, liver, 
dorsal vertebrae, periaortic and mesenteric lymph glands. The fourth 
case was reported by Young," who tells of the extensive involvement of 
the cervical and thoracic vertebrae, with numerous abscesses, varying 
from one fourth of an inch to an inch (0.63 to 2.5 cm.) in diameter. 
The tenth dorsal vertebra was denuded of periosteum and communi- 
cated with a large abscess cavity. The spinous processes of the lower 
dorsal vertebrae contained many ray fungi. 


Bassoe of Chicago,” in discussing one of Sanford’s papers, mentions 
two cases of spinal actinomycosis. The first was in a young man, and 
had been diagnosed tuberculosis by many physicians. Subsequent 
roentgen-ray examination showed erosion of the heads of the ribs, and 
the diagnosis was changed to malignant tumor. Vertebral abscesses 
formed, but the diagnosis was established at autopsy. In the second of 


7. Erving: Actinomycosis Hominis in America, with Report of Six Cases, 
Bull. Johns Hopkins Hosp. 13:261, 1902. 

8. Coller and Adie: Actinomycosis in Man, J. Michigan M. Soc. 23:36, 
1924. 

9. McJunkin: A Case of Infection with Actinomycosis Bovis, Physician & 
Surgeon, Ann Arbor and Detroit 29:213, 1907. 

10. Meyer: Communication to Sanford, Arch. Surg. 11:824, 1925. 

11. Young: Actinomycosis of the Ribs and Vertebrae, Am. J. Orthopedic Surg. 
6:252, 1908-1909. 

12. Bassoe: Discussion of Sanford’s Article, J. A. M. A. 81:655 (Aug. 25) 
1923. 
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Bassoe’s cases, a correct clinical diagnosis of actinomycosis of the spine 
was made. 

Sevan of Chicago ** tells of a man, aged 50, who first suffered from 
a perineal abscess which drained continuously for eight months follow- 
ing surgical evacuation. An inguinal bubo developed, and in the pus 
which escaped when it was incised, ray fungi were seen. The disease 
later involved both hip joints, sacrum, spine and spinal cord. 

In James Homer Wright’s classical essay on “The Biology of the 
Microérganism of Actinomycosis,” ** he mentioned Scudder’s case, in 
which there was actinomycotic involvement of the eighth and ninth 
thoracic vertebrae and extensive purulent infiltration of the paraverte- 
bral tissues in the thoracic and lumbar regions. Wright also inoculated 
animals with material received from Mallory from a case of actinomy- 
cosis of the cervical spine. In Bullitt’s case * of pulmonary actinomycosis 
he describes erosin of the thoracic and lumbar vertebrae, with develop- 
ment of bilateral psoas abscesses. 


Russell’s *® patient was a negro hotel porter, aged 44, who suffered 
from a deep right inguinal abscess which failed to heal after repeated 
surgical drainage and curettement. Autopsy revealed extensive retro- 
peritoneal actinomycosis invading the right ilium, second, third, fourth 
and fifth lumbar vertebrae, right kidney and retroperitoneal lymph nodes. 
The right sides of the lumbar vertebrae were softened to a depth of 


1 cm., while the right iliac bone was eroded in many places. 

Parker of Chicago ** described two cases of spinal actinomycosis, 
one of which was from the service of Dean Lewis; the other was 
encountered in his own practice. Lewis’ case was later described in 
greater detail by Abbott.** Parker’s patient was a farmer, aged 22, who 
had been operated on for appendicitis five months before. The wound 
had not healed, and there was a copious discharge of pus, with other 
collections of pus in the lower right side of the back. These abscesses 
were drained surgically, but repeated examinations of the pus did not 
reveal the true cause of the infection. Death occurred six weeks after 
the patient had entered the hospital. At autopsy a large abscess was found 


13. Bevan: Actinomycosis, Ann. Surg. 61:641, 1905. Bevan and Post.: 
Actinomycosis, Chicago M. Rec. 27:697, 1905. 

14. Wright: The Biology of the Microérganism of Actinomycosis, J. M. 
Research 8:349, 1904-1905; Publications Mass. Gen. Hosp. 1:1, 1905. 

15. Bullitt: Report of a Case of Actinomycosis Hominis of the Lungs, Ann. 
Surg. 31:600, 1900. 

16. Russell: Two Cases of Human Actinomycosis, Proc. New York Path. 
Soc. 21:143, 1921. 

17. Parker: Actinomycosis and Blastomycosis of the Spine, J. Bone & Joint 
Surg. 5:759, 1923. a 

18. Abbott, D. P.: Primary Actinomycosis of Kidney, J. A. M. A. 82:1414 
(May 3) 1924. 
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surrounding almost the entire lumbar spine and extending downward in 
either psoas muscle to the inguinal region. The sides of the bodies and 
transverse processes of the vertebrae were extensively eroded and covered 
by pus and granulation tissue. The erosive process extended into the 
bodies, and a large granuloma had formed between the posterior surface 
of the bodies and the outside of the dura, compressing the cauda equina. 
Ray fungi were found on microscopic examination of tissue. 

Abbott of Chicago ** describes what he considers to be a case of pri- 
mary actinomycosis of the left kidney in a woman, aged 43. The patient 
died soon after operation. At autopsy, a large abscess was found 
behind an enormously large kidney, which involved the muscles of the 
posterior abdominal wall and the fourth and fifth lumbar vertebrae. 
The process had extended into the spinal canal and involved the spinal 
cord externally. A left-sided psoas abscess communicated with the retro- 
nephritic abscess. Brickner *® mentions a case of actinomycosis of the 
cervical spine, neck and back in a boy. 

In foreign literature, the cases of Ponfick,* Bostr6m,*° Ginsberg (two 
cases ),” Kolacek,?* Guleke,** Patterson and Nattrass,** Heuck,** Godlee 
(three cases),*° Martens,?* Chauffard and Troisier,** Macaigne and 
Raingeard,*® Garten *° and Cope ** present the same pathologic charac- 
teristics as the American cases previously described. 

To these twenty-eight cases we would like to add four from our own 
experience. Two of our cases have been encountered within the past 


19. Brickner: Pelvic Actinomycosis, Ann. Surg. 81:343, 1925, 

20. Bostr6m: Untersuchungen ueber die Aktinomykose des Menschen, Beitr. 
z. path. Anat. u. z. allg. Pathol. 9:1, 1891. 

21. Ginsberg: Casuistische Beitrage zur Kenntnis der Actinomycose der 
Menschen, Berlin, G. Chasté, 1890, p. 30. 

22. Kolacek: Ueber aktinomykotische Allgemeininfektion, Beitr. z. klin. Chir. 
93:136, 1914. 

23. Guleke: Zwei seltenere Wirbelerkrankungen (Echinococcus und Aktino- 
mykose), Deutsch. Ztschr. f. Chir. 162:59, 1921. 

24. Patterson and Nattrass: Actinomycosis of the Pleura, Brit. M. J. 1:918, 
1925. 

25. Heuck: Ein Fall von Aktinomykose der Wirbelsaiile und Brustwandungen 
mit Propagation auf die Lunge, Miinchen. med. Wchnschr. 39:419, 1892. 

26. Godlee: A Series of Cases of Actinomycosis, Lancet 1:3, 1901. 

27. Martens: Zur Kenntniss der Lungen- und Wirbelsatilenaktinomykose, 
Arch, f. klin. Chir. 66:698, 1902. 

28. Chauffard and Troisier: Actinomycome cervico-rachidien, Rev. de méd. 
29:753, 1909. 

29. Macaigne and Raingeard: Actinomycome thoracique, cutanée, vertébrale, 
pulmonaire; etude anatomique, Presse med. 1:331, 1898. 

30. Garten: Ueber einen beim Menschen chronische Eiterung erregenden pleo- 
morphen Mikroben, Deutsche Ztschr. f. Chir. 41:257, 1895. 

31. Cope: A Clinical Study of Actincmycosis with Illustrative Cases, Brit. J. 
Surg. 3:55, 1915-1916. 
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year. Certainly, the evidence that five of the thirteen American cases 
previously reported have been reported by Chicago physicians, and that 
the University of Michigan Pathological Laboratory has had such a 
wide experience in this type of case, constitutes presumptive proof that 
spinal actinomycosis is not uncommon. 

Abstracts of the clinical records and autopsy protocols follow: 


Case 1.—History.—G. H., aged 30, an American, a stonecutter, had a condition 
diagnosed as sepsis, bilateral empyema, putrid bronchitis, generalized tuberculosis 
and meningitis (?). (No other record was available.) 

Autopsy.—(Prosector, Dr. A. S. Warthin.) The body was that of a slender, 
emaciated young man. The fingers were slightly clubbed. In the left posterior 
axillary line were two openings, both of which were partially covered with bloody 
crusts, but each of which yielded seropurulent discharge on pressure. 

The left lung adhered firmly to the wall of the chest. From the sixth rib down 
to the base there was an encapsulated cavity in the posterior axillary region, sur- 
rounded by firm adhesions. This was filled with thick, creamy, blood-stained pus. 
The upper lobe was voluminous, the lower atelectatic. Many small whitish spots 
were visible beneath the pleura, and were firm in consistency. The right lung was 
likewise bound by firm adhesions, most marked posteriorly, from the fourth rib 
to the base. The borders of the lung were somewhat emphysematous, and the 
lower lobe was atelectatic. The pleura was greatly thickened, dense and hyaline 
in places, and covered with stringy, thickened masses of organized fibrin. Small 
whitish areas were present in the granulation tissue. On section the upper lobe 
showed marked edema. The smaller bronchi were somewhat dilated. Small areas 
of pus were encountered in and around the bronchi; abundant exudate was 
expressed on pressure. In the middle lobe was a small encapsulated cavity con- 
taining thick yellow pus. 

Extending from the eighth dorsal vertebra downward to the second lumbar, 
the fascia and muscles on both sides were infiltrated with thick pus, involving both 
psoas muscles. When the psoas muscles were cut on each side, they were found 
to be infiltrated with pus. At the level of the eleventh dorsal vertebra on the left 
side, a sinus tract was found to extend between the vertebral laminae into the spinal 
canal. The spinous processes of the lower four dorsal vertebrae showed con- 
siderable superficial erosion. At this site pus bathed the dura posteriorly, though 
the cord was not affected. The surfaces of the tenth and eleventh vertebrae 
bordering the canal were eroded, and the purulent process extended deeply into 
the. cancellous tissue of the vertebrae. 

Microscopic Observations —The lungs showed chronic abscesses of varying 
age. In all cavities were numerous colonies of Actinomyces, surrounded by areas 
of purulent pneumonia, showing varying degrees of organization. Chronic 
purulent bronchitis was also found. The bronchial lymph glands showed numer- 
ous abscesses, with many colonies of Actinomyces. Purulent pachymeningitis 
externa, with many ray fungi, had affected the thoracic spinal cord, Purulent 
osteomyelitis was present in the vertebrae, with multiple abscesses of cancellous 
bone and numerous ray fungi. Amyloid deposits were found in the spleen. 

Pathologic Diagnosis ——The diagnosis was: actinomycosis of lungs and dorsal 
and lumbar vertebrae, with bilateral psoas abscesses; purulent pachymeningitis 
externa ; empyema; chronic glomerulotubular nephritis ; amyloidosis of the spleen; 
atrophy, passive congestion and marked parenchymatous degeneration of all 
organs. 
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Case 2.—History.—J. M., a white man, aged 42, a carpenter, who was admitted 
to the University of Michigan Hospital on Feb. 26, 1922, complained of pain and 
swelling in the left flank and groin. His family history and past history were 
negative. In August, 1921, the patient had severe, cramplike pain in the lower 
part of the abdomen which radiated to the rectum. Three or four days later he 
suffered from chills, and a sensation of choking was experienced. In two weeks, 
pain occurred in the left side of the abdomen, which increased so that in September 
he was forced to take to his bed. A swelling began in the left inguinal region. It 
became reddened, hot and tender. Pain was then experienced in the left hip, and 
a flexion contracture gradually developed. Great pain was caused by extending 
the left lower extremity. He had lost 10 pounds (4.5 Kg.) in weight in six months. 
He had an occasional cough and profuse night sweats, with chills and fever. 


Physical Examination—Beyond the observation of severe emaciation, the 
results of the examination were practically negative except for the local process. 
Over the left anterior superior iliac spine and inguinal ligament, there was a 
swelling about 2 inches (5 cm.) long and 1 inch (2.5 cm.) broad, that was raised 
above the surrounding surface about half an inch (1.27 cm.). It was tender and 
reddened, but not definitely fluctuant. Palpation of the abdomen revealed some 
resistance in the left lower quadrant. The left thigh was flexed nearly to a right 
angle and could be extended to about 160 degrees. There was considerable pain on 
movement of the joint. 

Roentgen-ray examination of the chest did not reveal positive signs of disease. 
There was some haziness about the apexes, which were regarded as the only 
likely areas of involvement. The lumbar vertebrae showed superficial destruction 
and loss of detail around the articulatar facets of the fifth lumbar vertebra, 
without loss of the joint space, however. The patient was thought to have a 
tuberculous process of the fifth lumbar vertebra. 

Two weeks after the patient was admitted, the abscess was opened. It drained 
freely. The patient’s condition gradually grew worse. Drainage was reestablished 
on March 23. The next day material similar to feces escaped from the wound, 
and on March 26 he had a severe hemorrhage from the sinus. Three. days later 
he died. 

The clinical diagnosis was Pott’s disease with psoas abscess. 

Autopsy.—(Prosector, Dr. C. V. Weller.) The body was that of a poorly 
nourished male adult. About 2 cm. below the anterior superior iliac spine on the 
left was a sinus-opening that measured 2 by 3 cm., having a firm, elevated, 
brownish-red border and a discolored, necrotic wall, from the mouth of which 
a small amount of thin seropurulent fluid escaped. This opened into a large 
cavity occupying part of the concavity of the left ilium, and extended toward the 
left psoas muscle. 

The lungs were somewhat adherent, and on section showed congestion and 
edema. Beneath the visceral pleura each lung showed several firm hemorrhagic 
and yellowish purulent areas. 

The abdominal examination revealed firm adhesions about the appendix and 
the descending colon. The former, at the junction of the middle and distal thirds, 
was dilated and greenish black. Here it was in immediate relationship with a 
small abscess cavity included beneath the adhesions which covered the appendix 
and bound it down to the sheath of the psoas muscle. On freeing this area from 
the psoas sheath and the vertebral fascia, purulent exudate appeared along the 
sides of the lumbar vertebrae. The descending colon was firmly adherent over an 
abscess cavity that involved the left iliopsoas muscle.. At this point the colonic 
wall appeared discolored and necrotic, and showed some purulent infiltration. 
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The left psoas muscle was the site of an extensive purulent infiltration, charac- 
terized by multiple burrowing, fistulous tracts and larger abscess cavities, all 
containing thick, creamy yellow pus. Similar purulent infiltrations extended into 
the iliacus muscle, which, however, was for the greater part converted into a single 
large abscess cavity opening below the anterior superior iliac spine as previously 
described. The right psoas muscle was infiltrated with creamy yellowish purulent 
exudate, especially in the area of its vertebral attachment. 

The bodies and laminae of the vertebrae in the entire lumbar region were 
honeycombed with purulent sinus tracts which were a dirty, greenish black. 
There was extensive necrosis. The peripheral portion of the vertebral bodies could 
be cut readily with the cartilage knife. This condition became less extensive in 
the bodies of the vertebrae of the lower thoracic region, but here the purulent 
sinus tracts extended, especially along the periosteal surfaces, with multiple small 
abscesses in the peripheral portions of the bodies. Purulent material from these 
sinuses was found to contain soft, spherical, grayish-white or yellowish-gray 
granules. One of these when crushed and examined under the microscope revealed 
many pus cells and typical colonies of Actinomyces. The spinal dura in the 
sacral region was covered with a purulent exudate on its outer surface. The cere- 
brospinal fluid was clear. The inner meninges and the cord itself showed conges- 
tion only. 

Microscopic Observations.—The spinal cord showed organizing pachymeningitis 
externa, with numerous abscesses and ray fungi. In the lungs were recent hemor- 
rhagic infarcts, streptococcus emboli and passive congestion. 

Chronic recurrent appendicitis was shown by marked induration of the wall 
of the appendix and periappendiceal induration, containing old purulent tracts. 
Psoas abscesses contained purulent sinus tracts, numerous colonies of streptococci 
and colonies of Actinomyces. There was marked regeneration of muscle. Marked 
purulent osteomyelitis was shown in the vertebrae. There were multiple abscesses 
containing colonies of Actinomyces. 

Pathologic Diagnosis—The diagnosis was: actinomycosis of the lumbar and 
lower thoracic vertebrae, with extension to the psoas muscle on the left side, per- 
forating below Poupart’s ligament; localized right psoas abscess (actinomycotic 
Pott’s disease); organizing purulent pachymeningitis externa; multiple recent 
actinomycotic abscesses in the lungs; secondary streptococcus infection; multiple 
streptococcus emboli in all organs and tissues; multiple hemorrhagic infarctions 
of the lungs; atrophy, passive congestion, and parenchymatous degeneration of all 
organs; nutmeg liver; chronic catarrhal appendicitis; general marasmus; 
decubitus. 


Case 3.—History—A. D., a Finnish lumberman, aged 50, entered the hospital 
on Oct. 3, 1925. The details of his illness were hard to obtain because of linguistic 
difficulties. He had come to this country twenty-five years before and had worked 
most of his adult life in the woods of northern Michigan. His health had always 
been good until the winter of 1924-1925, when he had injured his back as the 
result of a fall. He had never regained his proper strength after the accident, 
and was forced to retire early in the evening and to do less work during the day. 
He complained of pains in his chest and back, but refused to consult a physician. 
The loss of weight, strength and energy finally forced him to visit a physician in 
the spring of 1925, and he was later advised to come to the University of Michigan 
Hospital. 

Physical Examination.—The patient was moderately emaciated and appeared 
anemic. He looked decidedly ill and as if he were in the terminal stages of a 
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chronic malady. He had a slight diffuse swelling in the upper dorsal region. 
Some tenderness and possible slight fluctuation were found on deep pressure over 
this area. The lungs showed some dulness, with fine moist rales, most marked on 
the right. Roentgen-ray studies of the lungs did not reveal definite evidence of a 
parenchymatous lesion, but the hilum glands on the right side were somewhat 
enlarged. Stereoscopic study of the dorsal spine showed an increase in the curve 
in the upper dorsal region, with widening of the soft shadows about the vertebrae. 
There was marked haziness of the fourth, fifth and sixth vertebrae with apparent 
loss of the intervertebral space between the fifth and sixth, and sixth and seventh. 
The roentgenologist’s diagnosis was tuberculosis of the spine with abscess 
formation. 

The abscess between the scapulae was aspirated, and thick, yellowish purulent 
matter was obtained. Gross examination failed to show “sulphur granules.” Two 
small sinuses formed in the interscapular region which continued to drain until 
the patient’s death. During his stay in the hospital the patient ran an intermittent 
fever reaching 101 F. practically every afternoon. His pulse rate was constantly 
elevated, generally between 90 and 100 beats a minute. 

The patient’s strength gradually failed, and on Dec. 28, 1925, he died. The 
clinical diagnosis was pulmonary tuberculosis and advanced Pott’s disease. 


Autopsy.—(Prosectors, Drs. Simpson and McIntosh.) The body was that of 
a short, emaciated white man. Between the scapulae there was a large, irregularly 
oval, fluctuant mass which measured 14 cm. in diameter. Its upper border was at 
the level of the second thoracic vertebra. It measured 5 or 6 cm. in width and 
began in the midline above, but extended somewhat to the left inferiorly. The 
mass rose 1 or 2 cm. above the skin surface. It was thin walled, soft, and on 
pressure, thick, purulent, hemorrhagic material was expressed through two small 
openings, one on each side of the midline. They were situated from 5 to 7 cm. 
below the abscess cavity, and communicated with it by sinus tracts. The spinous 
processes of the third, fourth, fifth and sixth dorsal vertebrae could not be 
palpated through the fluctuant area. The remaining dorsal spines were readily 
felt. The cadaver appeared anemic, and showed emaciation, but jaundice was not 
present. 

When the spinal column was examined, it was found that the bodies of the 
vertebrae, from the seventh cervical to the ninth dorsal, were involved in a 
chronic purulent process. There was only a slight peripheral loss of substance 
of the vertebrae. The vertebral bodies, laminae and intervertebral disks were 
coated with thick granulation tissue, interspersed with pockets of fibrinopurulent 
exudate. The spinous processes of the third, fourth, fifth and sixth dorsal 
vertebrae were bathed in pus and showed varying degrees of superficial erosion. 
The outer surface of the spinal dura was much thickened, and was covered for 
the most part by organizing fibrinopurulent exudate. The inner meninges showed 
little change. The cord showed no abnormality. 

The left lung was everywhere adherent to the parietes. In its upper and 
posterior portion there were multiple localized collections of pus between the 
firm fibrous pleural adhesions. The pleura was greatly thickened, partly by 
fibrinous exudate and partly by hyalinized connective tissue. On section the 
fibrous tissue elements of the lung were greatly increased. There was considerable 
purulent matter in the bronchi and smaller bronchioles. Here and there small 
pale areas were seen in the parenchyma, and others slightly larger that were 
definitely minute abscess cavities. 

The right lung was larger than the left, but otherwise they were similar. There 
were the same pleural adhesions and areas of encapsulated empyema. A cut 
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section revealed an old fibroid pneumonia of the upper lobe, but abscess cavities 
were not present. There was likewise purulent bronchitis and bronchopneumonia. 
After removal of the left lung, pressure on the fluctuant tumor mass between the 
scapulae caused the escape of thick sanguinopurulent material into the cavity 
of the chest by multiple sinus tracts that opened in the intercostal spaces. Some 
of these extended along the sides of the vertebral bodies. 

Within the small intestine in its upper portion were two intestinal worms. 
They each measured approximately a yard in length, and in the shape of the head 
and segments resembled Dibothryocephalus latus. 











Fig. 1 (case 3).—Well defined ray fungus in the center of an abscess which 
has developed between the cancellous trabeculae of the vertebral body. 


Microscopic Observations—The spinal cord showed a localized area of organiz- 
ing chronic pachymeningitis. On the dura mater were many fresh colonies of 
Actinomyces. Chronic purulent fibroid pneumonia, multiple abscesses with many 
colonies of Actinomyces, large areas of fibrosis, areas of regenerating alveoli 
(cells of Tripier), chronic adhesive pleuritis, old organized empyema, excessive 
anthracosis and bronchiectatic abscesses were found on the lungs. Extreme 
anthracosis, hyperplasia of the reticulo-endothelium with many phagocytes filled 
with hemosiderin and abscesses with colonies of Actinomyces were noted in the 
bronchial nodes. The spleen and liver showed hemosiderosis. Multiple actinomy- 
cotic abscesses with destruction of the bone (figs. 1 and 2), chronic purulent 
osteomyelitis with numerous colonies of Actinomyces and markedly hyperplastic 
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marrow with many pigmented phagocytes containing hemosiderin were found in 
the vertebrae. Intestinal worms, Dibothrycephalus latus, were found® and many 
typical eggs were found in feces. 

Pathologic Diagnosis—The diagnosis was: chronic actinomycosis of the lungs, 
pleura, vertebrae (seventh cervical to ninth thoracic) and meninges; diffuse 
chronic fibroid pneumonia with multiple abscesses; bilateral empyema, with left- 
sided multiple sinus tracts opening through skin posteriorly ; atrophy, fatty infiltra- 
tion and fatty degenerative infiltration of heart; hydropericardium ; hemosiderosis 
of liver, spleen, lymph nodes and bone marrow; severe anemia; Dibothryocephalus 
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Fig. 2 (case 3).—High power photomicrograph of actinomyces in vertebral 


marrow space, showing densely interwoven mycelium in the center and radiating 
clubs at the periphery, surrounded by polymorphonuclear leukocytes. 


latus infestation (two worms) ; atrophy, passive congestion and parenchymatous 
degeneration of all organs; moderate atherosclerosis; hypoplasia of the supra- 
renals ; aspermatogenesis, and marasmus. 


Case 4.—History—H. V., an American farmer, aged 41, admitted to the 
University of Michigan Hospital on April 16, 1926, complained of discharging 
sinuses which drained through an old appendectomy scar and about the right iliac 
crest. He had been in good health until six months before, when he was 
operated on for acute appendicitis. The appendix, he said, had perforated, and 





32, The discovery of the fish-tapeworms at autopsy and the abundant evidence 
of blood destruction will be made the subject of a later paper. 
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following the operation the wound drained for about a month. About two months 
later, he returned to the hospital for treatment of a left inguinal hernia. 
After four weeks in the hospital, he returned home but did not gain in strength 
or weight. Shortly after this a sinus appeared at the site of the appendectomy 
scar, and discharged a thin, light yellow pus. About four weeks later, a second 
sinus appeared just above the right iliac crest. He then became unable to extend 
the right thigh, and a position of marked flexion gradually developed. He did 
not have any symptoms directly referable to the spine. He lost about 50 pounds 
(22.7 Kg.) in weight during his illness. His family and personal history con- 
tained nothing relative to his condition. 

Physical Examination—The patient was greatly emaciated. He was anxious 
and pale, and appeared acutely ill. There was some dulness to percussion poste- 
riorly from the angle of the scapula to the apex of the right lung. Some fine 
rales were heard over this area as well. There was a reddened right rectus sur- 
gical scar with some discharge of thick, creamy pus. A discharging sinus was 
present in the right lumbar region just above the iliac crest. Palpation of the 
right lower quadrant and lumbar region revealed indefinite evidence of abscess 
formation. There was marked tenderness over the lumbar vertebrae, with 
muscle spasm. There was psoas spasm and flexion of the right thigh. The hip 
joint appeared to be negative. 


Special Examinations—Urinalyses were negative. The white blood count was 
12,100, with a normal differential count; the hemoglobin content was 38 per cent. 
Microscopic examination of the pus from the sinuses showed masses of leukocytes, 
mostly mononuclears. Repeated examinations failed to show actinomycotic 
colonies. Stereoscopic films of the spine and abdomen following injection of 
barium into the, sinus tracts showed an extensive involvement of the tissues of 
the back. The process was not definitely connected with the bodies of the ver- 
tebrae, as the sinus tract lay more posteriorly, but seemed to involve the transverse 
process of the third lumbar vertebra. 


Course of Disease —The patient’s temperature varied from 98 to 101 F. His 
pulse rate remained persistently elevated, between 90 and 110. After eleven days 
he became much weaker, passed into a state of delirium and died. 

Clinically, this was considered a case of Pott’s disease. 


Autopsy.—(Prosectors, Drs. McIntosh and Simpson.) The body was that of a 
white man, and showed marked emaciation. The bony frame was large, and the 
muscles were extremely atrophic. An old appendectomy scar contained the open- 
ings of two fistulous tracts. The lower communicated with a discharging sinus 
that was situated in the scar of a herniotomy on the right side, while the upper 
communicated with a discharging sinus above the right iliac crest. A probe was 
readily passed by either opening in the appendiceal scar through soft necrotic 
tissue into the abdominal cavity. When the sinus in the herniotomy scar was 
probed, it in turn led into the scrotum, where an opening was found on its right 
anterior surface, which, on pressure, exuded thick creamy pus. About 5 cm. 
above the crest of the ilium in the scapular line there was a sinus opening, which 
when probed led deeply into the muscles of the loin. 

On opening the abdomen a generalized purulent peritonitis was found, and 
the right flank and pelvis contained 300 cc. of thick, yellowish, creamy pus. About 
the cecum there were firm fibrous and fibrinous adhesions, and the inflammatory 
process extended up behind the liver, where there were small abscess cavities and 
much granulation tissue; in this region the right lobe of the liver was involved. 

The liver, on section, showed multiple large abscesses, each of which in turn 
was composed of smaller abscess units separated by firm connective tissue septums, 
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giving the large abscesses a loculated appearance. The honeycomb-like structure 
of the abscesses at once suggested actinomycosis. Definite actinomycotic granules 
were not visible to the naked eye. 

About the right kidney there was the same involvement as elsewhere. There 
were small abscess pockets and large areas of fibrosis. The kidneys themselves 
were not involved, but showed grossly the uniformly granular subcapsular sur- 
faces of chronic glomerulotubular nephritis. 

The right psoas muscle was practically entirely replaced by abscesses, granula- 
tion tissue and numerous sinus tracts. These extended deep into the muscles of 
the loin, and when probed were found to lead to the transverse processes of the 








—— 





Fig. 3 (case 4).—Actinomycotic abscesses in liver, showing colonies of the 
organism in the center of each small abscess. The septums between the abscesses 
are made up of relatively old repair tissue. 


first, second and third lumbar vertebrae. The bodies of the vertebrae appeared 
normal, but the transverse processes were destroyed, and the adjacent pedicles 
and laminae showed a similar, though less extensive, osteomyelitis. The spinal 
cord had not been invaded. 

The sinus tracts had burrowed likewise about the lower ribs in the posterior 
axillary line. The tenth rib was involved in a localized purulent periostitis. A 
section of the deep muscles of the back containing the sinus tracts revealed many 
small, pinhead-sized bodies, grayish white or yellowish gray, which grossly 
appeared to be actinomycotic colonies. Tubercles were not visible, and caseation 
was not present. 
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Microscopic Observations——The spinal cord showed only congestion and edema. 
Well marked subendocardial fatty degenerative infiltration of the heart extended 
deeply into the wall, but there were small areas of fibrosis which did not show 
active inflammatory infiltrations. There was moderate atherosclerosis of the cor- 
onary arteries. There was localized chronic perisplenitis and chronic passive 
congestion of the spleen wtihout amyloid. Chronic productive perienteritis, with 
more recent purulent peritonitis, was present in the small and large intestines 
(fig. 3). 

Large abscess areas on the liver were made up of multiple small abscesses 
separated by connective tissue septums. In the center of nearly every one of the 











Fig. 4 (case 4).—Multiple actinomycotic abscesses, with characteristic lipoid 
granulation tissue, in lumbar vertebra. Ray fungi show distinct peripheral clubs. 


smaller abscesses was an actinomycotic colony, with well defined central mycelium 
and distinct peripheral radiating clubs. The septums and peripheral zone of the 
abscesses were made up of old hyalinized repair tissue, while the small abscess 
units were lined by a younger fibroblastic and angioblastic granulation tissue, rich 
in lipoid cells. The iiver cells at the periphery showed pressure atrophy, with 
regenerative proliferation of the bile ducts. Fatty infiltration was most marked 
at the periphery of the lobules, and there was slight diffuse fatty degenerative 
infiltration (fig. 4). 

The marrow spaces of the lumbar vertebrae were filled with pus cells and 
lipoid granulation tissue containing scattered ray fungi. There was considerable 
destruction of the bone trabeculae. The right psoas muscle showed chronic 
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abscesses and fistulous tracts lined by typical actinomycotic granulation tissue and 
containing numerous ray fungi. Multiple small abscesses in loose tissues were 
found about the seminal vesicles. Multiple small chronic abscesses, rich in old 
and young repair tissue, with many lipoid cells, and numerous large colonies of 
actinomyces appeared in the right perinephritic tissues. 


Pathologic Diagnosis—The diagnosis was: chronic actinomycosis, probably 
primary in the appendix, with multiple abscesses and sinus tracts involving the 
right abdominal wall, the liver, the first, second and third lumbar vertebrae, the 
right psoas muscle, the right perinephritic tissue, the lower right intercostal 
muscles, the right tenth rib, the seminal vesicles and the scrotum; chronic produc- 
tive peritonitis, with recent purulent exacerbation; chronic adhesive pleuritis on 
the right side; pulmonary edema; early chronic glomerulotubular nephritis; fatty 
degenerative infiltration of the liver and the heart; fatty infiltration of the liver ; 
localized myocardial fibrosis ; adenomatous colloid goiter ; moderate atherosclerosis 
of the aorta and the coronary arteries; atrophy, passive congestion and marked 
parenchymatous degeneration of all organs; mucoid atrophy of all adipose tissue ; 
cachexia ; aspermatogenesis. 


COMMENT 


It is important to emphasize that the clinical diagnosis in each of our 
four cases was tuberculosis of the spine (Pott’s disease). The clinical 
distinction between tuberculosis and actinomycosis of the spine presents 
many difficulties. In analyzing the data from the four cases which we 
have studied, we have arrived at certain conclusions which may be of help 
in reaching a proper diagnosis. 

Great aid is to be derived from roentgenologic studies. The char- 
acteristic pathologic anatomy of actinomycosis of the vertebrae is erosion 
of the cortical portion of the bone. It usually affects the vertebrae first 
as a periostitis, as the result of direct extension of a paravertebral 
phlegmon which has had its origin in the lungs or intestinal tract. The 
periosteum becomes elevated by the spreading sinuses and abscesses, and 
the cortex of the bone is attacked. Pulmonary actinomycosis is char- 
acterized by multiple abscesses and burrowing sinus channels which soon 
reach the pleura, with resultant adhesive pleuritis and localized empyema 
pockets, which either burrow their way through the intercostal spaces 
or extend up and down along the vertebral column as a paravertebral 
phlegmon. In intestinal actinomycosis, most frequently primary in the 
appendix, the abscesses soon affect the retroperitoneal tissues and spread 
along the lumbar vertebrae and establish psoas abscesses, or gain access 
to the surface of the body by the establishment of numerous sinus tracts 
elsewhere. In our second case the pointing of the psoas abscess was the 
first symptom and sign. 

In tuberculosis, on the other hand, the destruction of the vertebrae 
chiefly affects first the inner part of the body, usually near an inter- 
vertebral disk, ultimately destroying the whole body, and permitting 
collapse and the characteristic angular deformity. Such central and 
complete destruction with the development of kyphosis is not a feature of 
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actinomycosis of the vertebrae. In tuberculosis, likewise, the laminae, 
articular facets, transverse processes and spinous processes are almost 
always preserved, while in actinomycosis they show the same erosion as 
the bodies. Such was the case in three of our four cases. This anatomic 
peculiarity at once possesses great roentgenologic significance. Tuber- 
culosis of the spine is primarily a disease of the interior of the body; 
actinomycosis does not show such sharp selectivity. 

One common source of error is the almost instinctive association of 
psoas abscesses with tuberculosis of the spine. Actinomycosis, syphilis 
or neoplasm of the spine, particularly if secondary, periappendiceal 
abscesses, perinephritic abscesses, retroperitoneal abscesses and pelvic 
abscesses often extend along the iliopsoas muscle and fascia, and give 
rise to psoas abscesses indistinguishable from the so-called “cold 
abscesses” of tuberculosis of the spine. In actinomycosis, abscesses and 
sinus tracts are usually multiple, or a single large sinus tract may have 
many ostia. 

As the sinus tract dissects its way toward the surface of the skin, 
the subcutaneous tissues become indurated, and purplish or purplish-red 
plaques appear on the surface. These gradually soften toward the 
center, become definitely fluctuant and finally break through the skin. 
The boardlike, painless or slightly painful induration, with multiple 
abscesses and sinus tracts, is a prominent characteristic. It is at this 
time that the pathognomonic ray fungi, in the form of the so-called 
“sulphur granules,” are most likely to be found. The sinus soon becomes 
secondarily infected, and the inevitable pyogenic process obscures the 
actinomycotic granulations. The first pus to escape is usually thick, and 
in our cases was described as being “creamy yellow,” and was often 
blood-stained. The pus of actinomycosis is said to have a distinctive 
odor, similar to that of freshly turned soil—an “earthy” odor. If the 
sinus is drained surgically, it is desirable for the surgeon to examine 
the pus carefully for the sulphur granules at the time of evacuation. 
The simplest way is to place a thin smear of any suspicious looking 
material on a glass slide and crush by gentle pressure on a cover-slip any 
granules which might prove to be ray fungi. A little 5 per cent potassium 
hydroxide solution may be run in under the cover-glass if the pus is 
thick. Staining is not necessary, as the characteristic central densely 
interwoven feltwork of mycelial filaments and the highly refractive 
radiating peripheral clubs can easily be recognized with the low power 
objective of the microscope. When the pus is abundant, the dilution 
method suggested by Da Costa ** and Colebrook ** might be tried. 


33. Da Costa: Actinomycosis, Ann. Surg. 54:130, 1911. 


34. Colebrook: A Report upon 25 Cases of Actinomycosis with Especial Refer- 
ence to Vaccine Therapy, Lancet 1:893, 1921. 
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Several drops of pus are collected in a test tube half filled with water. 
After corking, the tube is vigorously shaken for a few moments. This 
emulsifies the pus and does not break up the firm granules. These sink 
to the bottom of the tube, where they can easily be recognized and 
picked up with a capillary pipet, after which they can be lightly crushed 
between a slide and cover-slip and examined microscopically while fresh. 
Another simple procedure is to spread the pus in a thin layer on a glass 
plate over a dark background. When included in the mass of pus which 
appears on surgical evacuation, the yellowish or grayish-yellow bodies 
are often distinguished with difficulty. It is, therefore, wise to carry 
out some such simple procedure as that outlined above. 

The granules are not always a sulphur yellow, but may be gray, 
white, yellow-brown or even green. The younger ones are much 
smaller than the head of a common pin and are usually silvery gray. 
Because of these variations in color, small caseous plugs from tubercu- 
lous sinuses or even the small epithelial pearls of infected squamous 
cell carcinoma may grossly simulate ray fungi. Differentiation is easily 
made with the microscope. The older granules vary in size, but are 
usually somewhat larger than the head of a commor pin and are most 
often yeliowish or yellowish white. 

The pus should be examined carefully and repeatedly for the pres- 
ence or absence of tubercle bacilli if ray fungi are not found. The 
persistent absence of tubercle bacilli should always stimulate one to 
examine further for the ray fungus. 

It not infrequently happens that repeated examination of the pus does 
not reveal tubercle bacilli or ray fungi. Curettement of the granulation 
tissue lining of the sinus tract, with histopathologic examination of the 
fragments, will often settle the question. At this point it might be well 
to emphasize that the granulation tissue of actinomycosis has certain 
characteristics which, while not pathognomonic in the absence of the 
actinomycotic colonies, serve to focus the microscopist’s attention on 
this disease. The vascular pyogenic granulation tissue almost invariably 
contains many pale, vacuolated lipoid-containing cells that are almost 
never found in conjunction with simple tuberculosis. Then, again, as 
the actinomycotic process burrows its way through the soft tissues, 
usually through connective tissue and along fascial planes, the older 
lesions have a tendency to heal partially, and much firm, glistening, 
connective tissue hyalin is developed. This ordinarily assumes a honey- 
combed or loculated appearance, with firm connective tissue septums 
separating small abscesses, in the centers of which the ray fungus is 
usually found, surrounded by pus cells and a zone of this peculiar lipoid 
granulation tissue. The finding of this combination of lipoid granulation 
tissue and the honeycombed reticulum of coarse connective tissue should 
encourage the pathologist to make serial sections in his further search 
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for the ray fungus. At all events, the discovery of the lipoid granu- 
lations throws the weight of evidence in favor of a diagnosis of actino- 
mycosis, even in the absence of the pathognomonic ray fungus. 

Coller and Adie * have found that the bleeding during and following 
the surgical drainage of actinomycotic abscesses is much more profuse 
than that which accompanies the drainage of tuberculous or simple 
pyogenic abscesses. This rather constant observation has led them to 
attach diagnostic importance to it. In case 2 of our series an exsangui- 
nating hemorrhage from a psoas abscess which had been surgically 
drained the day before was the immediate cause of death. Frequent 
reference to the vascularity of actinomycotic granulation tissue as con- 
trasted with the relative avascularity of tuberculous granulations is to 
be found in the literature. 

The splenic amyloidosis in case 1 is of more than passing interest 
because of its great rarity in association with actinomycosis. In the 
presence of such extensive chronic suppuration, with secondary pyogenic 
infection, as characterizes most cases of advanced chronic actinomycosis, 
it is rather to be wondered at that amyloidosis is not more common. 

In the first three cases, actinomycotic pachymeningitis externa was a 
prominent anatomic observation. In each instance, the small abscesses 
and organizing exudate on the outer dural surface obviously were the 
result of direct extension of the paravertebral actinomycotic phlegmon 
through the bodies and laminae and intervertebral foramina to the 
spinal canal. There was not in any case clinical evidence of pressure 
on the spinal roots or spinal cord. This is, on the other hand, not 
uncommon in tuberculosis of the spine. 


ORIGIN AND MANNER OF SPREAD 


As the literature on actinomycosis in this country accumulates, one 
is more and more at a loss to account for the mechanism by which this 
disease establishes itself. The older belief that actinomycosis is pri- 
marily a disease of persons who live in rural communities and who have 
had intimate contact with cattle affected with “lumpy jaw,” or that 
man acquires it in the same way as cattle, by chewing grass, straw, grains, 
etc., is practically invalidated by the fact that fully one half of the Ameri- 
can cases do not have such a history. Occupation as an etiologic factor 
assumes little importance in our four cases, since three of the four 
patients were engaged in nonagricultural pursuits. 

One cannot but be impressed by Wright’s conclusions after his 
exhaustive experimental studies : 


Because the micro-organism does not grow well on all the ordinary culture 
media and practically not at all at room temperature, I do not believe that it has 
its usual habitat outside of the body. It seems to be very probable that Actino- 
mycosis bovis is a normal inhabitant . . . of the buccal cavity and of the 
gastro-intestinal tract, both of men and animals. 
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The factor of injury to mucosae, plus susceptibility, unquestionably 
plays a major part. Against such a thesis, of course, is the infrequency 
with which true Actinomyces is found in the crypts of the tonsil dur- 
ing the course of routine histopathologic examinations. In all proba- 
bility, most of the so-called tonsillar actinomycetes are actually colonies 
of harmless mouth organisms which frequently simulate the asteroid 
configuration, staining reactions and size of true Actinomyces. Then, 
too, if Wright’s theory is entirely correct, the ray fungus should be found 
in gastric and intestinal contents examined during life and postmortem. 

In cases 1 and 3, the disease was obviously primary in the lungs, 
with direct extension to the pleura. Organizing adhesive pleuritis is an 
almost constant observation in such cases, with abscesses, sinus tracts 
and encapsulated empyema pockets. The spread of the disease to the 
intercostal spaces, ribs and vertebrae is then the result of contiguous 
extension. 

In cases 2 and 4, the disease apparently had its origin in the appendix, 
with the development of retroperitoneal abscesses and sinus tracts and 
direct communication by contiguity with the paravertebral tissues. 
Actinomycosis of the appendix and cecum is common, ranking next in 
order of frequency to cervicofacial actinomycosis. The onset frequently 
simulates that of the ordinary acute pyogenic process. Following 
appendectomy or the drainage of a periappendiceal abscess, a discharging 
sinus develops, which resists all ordinary forms of treatment. In such 
cases, actinomycosis should always be considered. 

Most writers have stated that actinomycosis rarely, if ever, affects 
lymphoid tissue. The statement that involvement of the bone and lymph 
glands is extremely rare in actinomycosis and is common in tuber- 
culosis needs some revision as regards the actinomycosis. In our experi- 
ence, involvement of bone has been common, while in two of the four 
cases included in this report (cases 2 and 3), the bronchial lymph nodes 
were the site of multiple abscesses containing many colonies. 

Hematogenous metastasis unquestionably occurs, as is shown by 
the cases in our series in which solitary renal or cerebral or hepatic 
abscesses have been found, with the primary focus in the intestines or 
lungs. But by far the most important manner of spread is by direct 
contiguity, by means of burrowing sinus tracts, almost invariably multi- 
ple, frequently branching and anastomosing, and ultimately reaching 
the surface. The multiplicity of the sinuses, the brawny induration of 
the surrounding tissues and the persistent absence of the tubercle 
bacillus, should direct one’s thoughts toward actinomycosis, even in the 
absence of the “sulphur bodies.” The finding of the lipoid granulation 
tissue on histologic examination lends further support. Of course, the 
presence of the ray fungus fixes the diagnosis, but even with repeated 
searches it frequently cannot be found. Brickner *® regards the long 
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search for Actinomyces as a diagnostic fetish, and his successes with. 
bold surgical intervention would lead one to suggest that the patient’s 
interests are best served if a presumptive diagnosis of actinomycosis 
is made in cases in which the evidence is complete, except for the find- 
ing of Actinomyces, and radical surgical measures adopted early in the 
course of the disease. 


TERMINOLOGY 


Much confusion and controversy has attended the attempts to desig- 
nate this disease properly. Harz, after studying the disease in cattle, 
gave the name “actinomycosis bovis” to the organism in 1877.° <A 
year later, Israél* isolated a similar organism in man. At least a 
dozen different names have since been applied to the same disease, but, 
thanks to the efforts of the Committee of the Society of American 
Bacteriologists on Characterization and Classification of Bacterial Types, 
this difficulty is rapidly being overcome. In 1920,** they recommended 
that the generic name Actinomycosis be used for all of these closely 
related and probably identical species: Streptothrix Cohn, Discomyces 
Rivolta, Nocardia Trevisan, Micromyces Gruber, Odspora Sanvagean 
and Radais, Thermoactinomyces Tsilinsky and Cohnistreptothrix Pinony, 
with Actinomycosis bovis of Harz as the type species. 


TREATMENT 


The most important preliminary step to rational treatment is the 
early establishment of the correct diagnosis. In the thoracic and 
abdominal cases, with vertebral involvement, the possibility of cure is 
at best remote. One cannot but be encouraged, however, by the brilliant 
results that have followed bold attempts at the extirpation of all diseased 
tissue by courageous surgeons, notably Brickner, during the past decade. 

3rickner injects methylene blue into the sinus. Aided by the direction 

taken by the blue dye and the use of a probe, he extirpates all ana- 
tomically accessible diseased tissues, going well beyond the margin of 
disease, and treats actinomycosis much as a malignant growth. In one 
of his five successfully treated, consecutive cases, eight extensive opera- 
tions were required before cure was obtained. ; 

All drug therapy in actinomycosis is employed on an empiric basis. 
The favorite has been potassium iodide. Thomassen * first used it in 
1885 in treating cattle that had buccal actinomycosis. Nocard, in 1893, 


35. Harz: Actinomycosis bovis, ein neuer Schimmel in dem Gewebe des 
Rindes, Miinchen. Jahresb. d. Muenchener Central Thierarznei Schule, 1877-1878, 
p. 125. 

36. Winslow, Broadhurst, Buchanan, Krumwiede, Rogers and Smith: The 
Families and Genera of the Bacteria, J. Bact. 5:191, 1920. 

37. Thomassen: L’Echo Vet., 1885. 
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regarded it as infallible. Most veterinarians in this country still look 
on it as practically a specific.** Many have ascribed cures to its use. 
As many others have not found it efficacious. Harbitz and Grondahl * 
found that the fungus grew luxuriantly in agar, under anaerobic condi- 
tions, to which from 1 to 2 per cent of potassium iodide had been added. 
It is still used in practically every case of actinomycosis in man, and is 
prescribed much as in the treatment of syphilis, beginning with small 
doses which are gradually increased to the point of tolerance. As 
much as 700 grains (45.5 Gm.) a day has been administered without 
discomfort, but in the case in which the massive doses were employed 
there was not demonstrable benefit. In addition to the oral administra- 
tion of potassium iodide, intravenous injections of sodium iodide 
(10 per cent solution in increasing doses from 20 cc. to 100 cc. a day) 
is a popular treatment. Iodine has also been used in the form of solu- 
tions for irrigation of the sinuses (Lugol’s solution, half strength or 
2 to 4 per cent aqueous solution). Surgical solution of chlorinated soda 
has been used by many, with varying success. Copper sulphate irri- 
gations in 1 to 2 per cent solutions appear to have been of some value 
in lesions of the mouth and neck, but have been of little use in the 
deep lesions of the thorax and abdomen. The roentgen ray and radium 
are used in many clinics, and have given favorable results in a few 
cases. Vaccine therapy has been employed by many,*® with apparent 
success. The value of vaccines is difficult to measure, because they are 
usually employed in conjunction with surgical measures and other 
medicinal treatments. The problem of therapy is rendered still more 
difficult by the fact that there are some cases of actinomycosis which 
apparently regress spontaneously. 

A study of these cases seems to prove that bold surgical measures 
give to the patient with deep-seated actinomycosis his best chance for 
recovery. lodization, the roentgen ray and other therapeutic measures, 
should be employed only as adjuvants. 


38. Salmon and Norgaard: Eighth and Ninth Annual Reports, Bur. Animal 
Indust., U. S. Dept. Agric., 1893, p. 109. 

39. Harbitz and Grondahl: Actinomycosis in Norway, Am. J. M. Sc. 142: 
386, 1911. 

40. Colebrook (footnote 34) Wynn: A Case of Actinomycosis (Strepto- 
trichosis) of the Lungs and Liver Successfully Treated with a Vaccine, Brit. M. J. 
1:554, 1908. Dean: A Case of Actinomycosis Successfully Treated by Vaccines, 
Brit. M. J. 1:82, 1917. Scott: Bovine Actinomycosis, Its Pathogenesis and Treat- 
ment by Vaccines, Brit. M. J. 2:1163, 1922. Collie: A Case of Actinomycosis 
Treated by a Vaccine, Brit. M. J. 1:991, 1913. Malcolm: Vaccine in Mediastinal 
Actinomycosis, Brit. M. J. 2:488, 1916. Whittier: Case of Actinomycosis Improv- 
ing Under Vaccine Treatment, J. A. M. A. §2:1453 (May 1) 1909. Harbitz and 
Grondahl (footnote 39), Kinnicut and Mixter: Actinomycosis Treated with 
Vaccines, Boston M. & Surg. J. 167:90, 1912. Friedmann: Heilimpfung der 
Aktinomykose, Miinchen. med. Wchnschr. 70:176, 1923. 
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SUMMARY 


1. Actinomycosis is a much more common disease in the United 
States than a study of the literature would lead one to believe. 

2. Four cases of actinomycosis of the vertebrae have been encoun- 
tered in the Pathological Laboratory of the University of Michigan. 
All came to autopsy with a clinical diagnosis of tuberculosis of the 
spine. Two of these cases occurred within the past year. 

3. Actinomycosis of the bone is not so rare as is generally believed. 

4. In two of our cases, the primary infection was in the lungs; in 
the other two, the primary focus was apparently in the appendiceal 
region. The spread of the actinomycotic process to the vertebrae was 
due to direct extension by means of dissecting sinus tracts and abscesses. 

5. In actinomycosis of the spine, the characteristic lesion is cortical 
erosion of the vertebrae with vertebral phlegmon, while in tuberculosis 
the disease causes progressive destruction of the bodies, with collapse 
and angular deformity. Central destruction of the body of the vertebra, 
with ultimate collapse and deformity are not found in vertebral 
actinomycosis. The roentgenogram should easily distinguish the two 
conditions. 

6. The many other causes of psoas abscesses should be considered 
before a diagnosis of tuberculosis is made. The development of multiple 
sinus tracts, with brawny induration of the surrounding tissues, and 
the persistent absence of the tubercle bacillus should direct one’s thoughts 
to a consideration of actinomycosis. 

7. The pathognomonic “ray fungi’ should be looked for by the 
surgeon who first drains an actinomycotic abscess. Subsequent sec- 
ondary pyogenic infection renders the search more difficult. 

8. Curettement of the granulation tissue wall of a sinus tract, with 
histopathologic examination of the fragments, will often establish the 
diagnosis after frequent examinations of the pus for actinomycetes 
have proved fruitless. The finding of lipoid cells in the granulation 
tissue lends support to the probability that the disease is actinomycosis. 

9. Radical surgical excision of all involved tissue offers the best 
hope of cure. 








SARCOMA COMPLICATING PAGET’S DISEASE OF 
THE BONE 


REPORT OF NINE CASES, FIVE WITH PATHOLOGIC 
VERIFICATION * 


CLARENCE E. BIRD, M.D. 
Assistant Resident Surgeon, Peter Bent Brigham Hospital 
BOSTON 


In the last of Paget’s three classic papers,’ he expressed the convic- 
tion that there is an intimate relationship between the disease which 
has come to bear his name and the formation of malignant tumors. This 
belief was based on the fact that among his twenty-three personally 
observed patients with the disorder, five of the eight who were traced 
to the end died from malignant disease of some kind. 

The tumor of only one of these patients was definitely an osteo- 
sarcoma, although that of another patient was probably of this nature. 
Paget says, concerning the first : 

The upper third of the radius was involved in a large ovoid mass of pale grey 
and white soft cancerous substance, similar to that of the nodules in the pleurae 
and mediastinum, but with growths of bone extending into it. Some nodules 
of similar cancerous substance were imbedded in the bones of the vault of 
the skull. 

The second case was not unlike the first; a fracture occurred at the 
site of a growth in the upper portion of the right humerus, necessitating 
an amputation at the shoulder joint. The lesion was described as “a well 
marked and very vascular medullary cancer investing and infiltrating the 
upper part of the humerus.” 

Although isolated examples of osteosarcoma and other tumors occur- 
ring in the disease were thenceforward reported, an attempt to assemble 
all of the cases subsequent to Paget’s papers was not made until 1901, 
when Packard, Steele and Kirkbride? collected sixty-six authentic 
instances of the disorder, five of which were complicated by osteosar- 
coma (7.5 per cent), three by carcinoma in some portion of the body 
(4.5 per cent) and two by nonmalignant tumors. “When we bear in 
mind,” say these authors, “that osteitis deformans is especially prone to 
affect those beyond middle age, it is not surprising that about 4.5 per cent 
of the cases had cancer, although the high percentage of 7.5 per cent 
of sarcoma must have some significance.” 


* From the Surgical Clinic of Dr. Harvey Cushing. 

1. Paget, Sir James: Remarks on Osteitis Deformans, Illus. M. News 
2:181, 1889, 

2. Packard, F. A.; Steele, J. D., and Kirkbride, T. S.: Osteitis Deformans, 
Am. J. M. Sc. 122:552, 1901. 
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Two papers, one by Gruner, Scrimger and Foster* in 1912, and 
another by DaCosta, Funk, Bergeim and Hawk * three years later, have 
dealt specifically with malignant complications in Paget’s disease, each 
reporting about 9 per cent of tumors of all varieties. In 1917, Heazlit ° 
described a case in which there were multiple sarcomas, and Camp ® has 
more recently recorded two cases of sarcoma in which the diagnosis 
of coincidental Paget’s disease was established on roentgen-ray evidence. 
In a review of his personal records, among sixty-five patients with 
instances of the disorder, Locke* found four with osteosarcoma or 
fibrosarcoma (6.2 per cent). 


REPORT OF CASES 


My interest in the subject was initiated by the unfortunate individual 
whose clinical history follows: 


Case 1.—Enlargement of the calvarium over a period of ten years. Recent 
growth of large sarcoma of skull. Partial removal of tumor. Roentgen-ray treat- 
ment. Necropsy. 

C. B., a nurse, aged 66, unmarried, was admitted on Nov. 20, 1923, with an 
obvious enlargement of the skull and an immense soft growth beneath the scalp 
in the left parietal region (fig. 1A). In the center of this mass was a herniated 
nubbin where an incision had been made, probably with the expectation of draining 
an abscess. Other physical changes were not apparent except that she looked a 
little pale and showed evidence of moderate loss in weight. 

In the absence of any noticeable abnormalities in the skeleton with the excep- 
tion of the large skull, suspicion of Paget’s disease was not aroused until the 
cranial roentgenograms disclosed an advanced state of the disorder in addition to 
a large irregular area of bone destruction in the region of the tumor (fig. 2). 
Subsequent roentgenograms of the remainder of the skeleton disclosed unmis- 
takable alterations in the upper ends of the femora, in the pelvis and in the 
lumbar spine. 

In an effort to prevent the occurrence of a foul fungating mass, Dr. Cushing 
reflected the tense scalp from over the tumor and roughly extirpated the major 
portion of it. The small fungus was then excised from the scalp, the galea being 
closed from within. A clean closure of the scalp was thus effected (fig. 1B). 

As anticipated, the growth rapidly recurred, and the patient died three months 
later. Permission was secured for an unrestricted autopsy with removal of the 


3. Gruner, O. C.; Scrimger, F. A. C., and Foster, L. S.: A Clinical and 
Histologic Study of a Case of Paget’s Disease of the Bones with Multiple Sarcoma 
Formation, Arch. Int. Med. 9:641 (June) 1912. 

4. DaCosta, J. C.; Funk, E. H.; Bergeim, O., and Hawk, P. B.: Osteitis 
Deformans: A Report of Five Cases, with Complete Metabolism Studies in Two 
Instances and a Review of the Literature, Pubs. Jefferson Med. Coll. and Hosp. 
6:1, 1915. 

5. Heazlit, L.: Sarcoma Complicating Paget’s Disease of Bone: Report of 
Case, N. Y. State J. Med. 17:330, 1917. 

6. Camp, J. D.: Sarcoma Complicating Osteitis Deformans: A Report of 
Two Cases, Radiology 5:495-499, 1925. 

7. Locke, E. R.: Personal communication, July 9, 1925. 
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skeleton. This examination substantiated the clinical impression of osteitis 
deformans of the skull, spine, pelvis and femora and of osteosarcoma of the 
skull (fig. 3), while microscopic sections from the skull showed the bone of 
Paget’s disease invaded by the sarcoma (fig. 4). There were metastases in the 
cervical lymph nodes. 











A , as 


Fig. 1 (case 1).—A, large head with fungating tumor just before operation. 
B, postoperative condition of the scalp. 




















Fig. 2 (case 1).—Cotton tuft appearance of Paget’s disease with irregular 
destruction due to the sarcoma. 


With the memory of this patient fresh in mind and while the relation- 
ship between osteitis deformans and malignant bony tumors in the aged 
was under discussion, another example of a similar process occurring 
in the ilium appeared in the clinic. The history follows: 
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Fig. 3 (case 1).—Destruction of the thickened bone by the sarcoma. 


Fig. 4 (case 1) —The bone of Paget's disease infiltrated by sarcoma (left lower 


corner ). 





Hematoxylin and eosin stain; X< 80. 
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Case 2.—Osteosarcoma of ilium. Paget’s disease of ilium, skull and other 
bones by roentgen ray. Palliative radiographic treatments. Necropsy not per- 


formed. 

M. W., an Irish-American boilermaker, aged 60, entered the hospital on 
Feb. 5, 1924, for roentgen-ray treatment of a huge, firm, fixed swelling in the 
right gluteal region, apparently originating from the ilium (fig. 5). The tumor 








Fig. 5 (case 2).—Sarcoma arising in the ilium. 




















Fig. 6 (case 2).—Early Paget’s disease in the skull. 





had grown slowly over a period of eight months, causing pain, paralyses and 
paresthesias consistent with pressure on the lower lumbar and sacral nerves of the 
right side. By rectal examination a large mass could be felt filling the concavity 
of the sacrum on the right side. 

Roentgenograms were made of the entire skeleton. These showed, it. addition 
to the spicule formation of an osteosarcoma in the ilium (fig. 7), the alternate 
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areas of increased and decreased density characteristic of osteitis deformans in 
the bones of the pelvis, the upper ends of the femora, the lumbar and lower 
dorsal spine, the upper ends of the humeri, and, most interesting of all, a very 
early process in the skull (fig. 6). 

Eight deep roentgen-ray treatments were given, which decreased the pain and 
apparently checked the advance of the growth. Evidences of pulmonary involve- 
ment with a cough and hemorrhages soon appeared, and the man died at his 
home one year after the onset of his illness. Necropsy was not performed. 


A third example of sarcoma involving the humerus in a case of 
Paget’s disease was subsequently found in the Brigham hospital records. 











Fig. 7 (case 2).—Osteitis in the pelvic bones and femur. Spicule formation 
by the sarcoma. 


A complete preoperative report of this case has already appeared in 
Locke’s paper.* 


Case 3.—Paget’s disease for eleven years. Recent growth of a painful sarcoma 
at the right elbow. Amputation at the shoulder girdle with relief. End-result not 
known. 

M. S., an English violinist, aged 63, known to have had osteitis deformans for 
eleven years, became afflicted with a painful swelling of the right elbow (fig. 8). 
Roentgenograms showed widespread Paget's disease, including the skull (fig. 9) 


8. Locke, E. A.:- Osteitis Deformans with Sarcoma of the Humerus, M. Clin. 
N. Amer. 1:947, 1917 
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Fig. 8 (case 3).—Sarcoma at the right elbow. Note the bowed legs. 




















Fig. 9 (case 3).—Thickened skull of Paget’s disease. 
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and the bones of the extremity involved (fig. 10). The lower third of the 
humerus was largely destroyed by the sarcoma. An amputation at the shoulder 
girdle was carried out by Dr. John Homans with complete relief from pain, and 
the patient was discharged three weeks later, greatly improved. 

The tumor probably arose from the periosteum of the humerus, destroying a 
portion of the bone, obliterating the joint cavity and invading the soft tissues of 
the forearm. Sections from the humerus showed the typical lesion of Paget’s 
disease (fig. 11) while the growth itself was a rather slow growing fibrosarcoma 
(fig. 12). 


In order to satisfy my curiosity as to whether other large hospitals 
had received similar cases, permission was given by the officials of the 
Boston City Hospital, the Massachusetts General Hospital, and the 
Huntington Memorial Hospital to examine their records and utilize them 
for my purposes. Three additional examples of osteosarcoma compli- 











Fig. 10 (case 3).—Destruction of the humerus by the sarcoma. Humerus, 
ulna and radius affected by the osteitis of Paget. 


cating osteitis deformans, all verified by pathologic examination, have 
thus been supplied. In the following case the lesion involved the head 
of the humerus. 


Case 4.—Progressive deforming osteitis for fifteen years. Rapidly growing 
osteosarcoma of humerus. Roentgen-ray treatment without apparent benefit. 
Pneumonia and death. Autopsy. 


H. F., a German gardener, aged 64, married, had been admitted to the Peter 
Bent Brigham Hospital in 1919 because he complained of pains in the legs. 
Roentgen-ray_ study confirmed a diagnosis of osteitis deformans made on the 
basis of an enlarged calvarium, bowing of the back, bowing of the lower legs and 
a great decrease in height. The condition had been progressive over a period of 
from twelve to fifteen years. 

Five years later, in 1924, the patient entered the Boston City Hospital because 
of a rapidly enlarging painful swelling of the right shoulder which had been 
noticed for only three weeks (fig. 13). The skin over the mass was of a purplish 
hue with dilated veins coursing beneath it, while the tumor itself was firmly fixed 

















Fig. 11 (case 3).—The bone of Paget’s. disease (more vascular in this case 
than is usual). Hematoxylin and’ eosin stain; 80. 





Fig. 12 (case 3).—The sarcoma. Hematoxylin and eosin stain; 80. 








} 
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and moderately tender. Muscle spasm at the shoulder girdle was extreme. Roent- 
genograms showed involvement of the skull, tibiae, femora, pelvis, spine, humeri, 
ribs, scapulae and claviculae by Paget’s disease. In the upper third of the right 
humerus was a destructive process which appeared to have arisen in bone affected 
by osteitis deformans. (The roentgenograms are not suitable for reproduction.) 

In spite of two roentgen-ray treatments, the patient became weak and emaciated, 
developed a cough and pneumonia and died. Autopsy showed widespread Paget’s 
disease and an osteosarcoma of the upper portion of the right humerus. The 
microscopic sections from this case (figs. 14 and 15) have been loaned by 
Dr. Mallory. 


In the next case a primary tumor of the ilium caused death from 
multiple metastases even involving the skull. 

















| 


Fig. 13 (case 4).—Characteristic deformity of Paget’s disease with the sarcoma 
at the summit of the right shoulder. 


Case 5.—Paget’s disease for at least three years. Gradual enlargement of the 
head for one year. Growth of sarcoma of right ilium over a period of nine 
months. Pulmonary embarrassment. Death. Autopsy. Regional and remote 
metastases. 

C. D., a locomotive engineer, aged 53, was first seen in 1923, when he complained 
of attacks of pain in the right flank suggesting renal colic. Roentgenogram 
showed Paget’s disease in the bones of the pelvis. 

He returned to work and remained well until February, 1925, when -he fell 
on the ice, striking against his right ilium. From this time he suffered greatly 
from pain both in this region and down the back of the right thigh and leg. Rapid 
loss of weight and weakness accompanied the appearance of a firm mass which was 
not tender. This mass grew, at first slowly, then rapidly, below the crest of the 
right ilium and extended into the right inguinal and gluteal regions. 

The patient’s head was now found to be enlarged, squared and roughened, 
while a hat, comfortable the year before, had become too tight for him. The 
roentgenograms showed the alterations of Paget’s disease in the skull as well 














Fig. 14 (case 4).—The bone of osteitis deformans (typical picture). Methylene 
blue and eosin stain; X< 80. 











Fig. 15 (case 4).—The sarcoma. Methylene blue and eosin stain; x 80. 
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as in the pelvis. In the cranial roentgenogram were seen two or three small, 
round, punched-out areas suggestive of metastases (fig. 16), and in the right 
ilium there was disclosed a large area of destruction interpreted as sarcoma 
(fig. 17). 

Four intensive roentgen-ray treatments failed to relieve the discomfort, and a 
persistent cough with marked dyspnea appeared, followed shortly by the removal 
of several liters of bloody fluid from the pleural cavities. 

Necropsy disclosed widespread sarcomatosis. A large tumor had arisen from 
and partially destroyed the right ilium, invading the right inguinal region and the 
right side of the pelvis. The growth extended along the retroperitoneal and 
portal lymph channels and involved the omentum, stomach and liver. Metastases 
were present in the pleural cavities and lungs while in the calvarium were several 
sharply punched-out defects filled with tumor of a similar nature. 











Fig. 16 (case 5).—Paget’s disease with small punched-out areas caused by 
metastatic nodules of sarcoma in the calvarium. 


The microscopic sections showed osteogenic sarcoma, in the original tumor 
and in the metastases, and bone from the skull exhibited the characteristics of 
osteitis deformans (fig. 18). 


In the following case, the youngest person in the series, the disease 
is first recorded as having been present at the age of 16. The bones 
about the shoulder joint were involved in the tumor, and there were 
terminal metastases to the skull. 


Case 6.—Osteitis deformans for twenty years. Sarcoma of clavicle. Amputa- 
tion at shoulder girdle with relief from pain. Death from pulmonary and cranial 
metastases in three months. 

J. M., an Irish-American shoemaker, aged 36, came to the outpatient depart- 
ment in 1914 complaining of pain in the right shoulder following slight trauma. 
Roentgenograms showed the changes of Paget’s disease in many of the bones of 
the body. 


















Fig. 17 (case 5).—The ilium largely destroyed by sarcoma. 











Fig. 18 (case 5).—Metastasis of the sarcoma in bone of osteitis deformans. 
Calvarium. Hematoxylin and eosin stain; x 80. 
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Eight years later, in 1922, he again appeared because of a firm enlargement at 
the summit of the same shoulder. This had grown to the size of an orange in 
six weeks and was very painful. Roentgen-ray examination disclosed, in addition 
to the osteitis deformans, a destructive process with bone production in the region 
of the outer end of the clavicle and the upper portion of the scapula (fig. 19). 
Photomicrographs 0. sections obtained from the amputated upper extremity showed 
the characteristic lesion of osteitis deformans and the adjacent osteosarcoma 
(figs. 20 and 21). 

Shortly after operation, a hard nodule appeared in the frontal bone and grew 
progressively larger. He became emaciated, had repeated hemoptysis and died 
one month later. Autopsy was not performed. 


Investigation of the records at the Registry of Bone Sarcoma °® 


brought to light, among their 670 cases of all types, benign, malignant 
and inflammatory, three more instances of malignancy superimposed 
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Fig. 19 (case 6).—The sarcoma has arisen in the clavicle affected by osteitis 
deformans. Note the cotton-tuft appeatance of the head of the humerus as well. 


on Paget’s disease. The first patient, as in case 1, had a primary growth 
in the thickened cranial vault. 


Case 7.—Typical photographic appearance and roentgen-ray picture of Paget's 
disease. Sarcoma of skull (biopsy). Death with hemaplegia. Autopsy was not 
performed. 

S. C., a farmer, aged 69, reported to his physician because of a hard swelling 
in the right frontal bone which had been present for eight months and had rapidly 
grown larger over a period of four weeks. A photograph (fig. 22), a roentgeno- 
gram of the skull and a section of the tumor growth make a diagnosis of Paget’s 
disease, with osteosarcoma of the skull, probable. 

The enlargement of the calvarium, the dilated and tortuous temporal artery 
and the projection of the head are significant, while the roentgenogram shows 


9. Registry of Bone Sarcoma of the American College of Surgeons, Dr. D. B. 
Phemister, Registrar, Chicago. 











Fig. 20 (case 6).—The bone of Paget’s disease. Clavicle. Hematoxylin and 
eosin stain; < 80. 











Fig. 21 (case 6)—The adjacent degenerating sarcoma. Hematoxylin and 
eosin stain; X 80. 
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the variations in density with the thickening of the skull which is characteristic 
of the disease. The area of local bone destruction is similar to that in the 
roentgenogram of the skull in case 1 (fig. 2). 

When a biopsy had been made, the patient was sent home. He became 
hemiplagic on the right side, and died one year after the appearance of the cranial 
tumor. From the section submitted for microscopic study, the concensus of 
opinion favors the diagnosis of fibrosarcoma. 


Detection of the osteitis in a second case from the Registry was due 
to thorough roentgen-ray study. 
Case 8.—Sarcoma of-right femur. Osteitis deformans in many bones by roent- 


gen ray. Amputation at the hip. Death with pulmonary symptoms two months 
later. Autopsy was not performed. 








Fig. 22 (case 7).—Paget’s disease with sarcoma of the frontal bone. 


C. H., aged 56, a banker previously in good health, “sprained” his right knee 
while descending a stair. Pain and swelling resulted and persisted. In four weeks 
a more severe distress, localized in the lower end of the femur, and accompanied 
by an enlargement over the outer side of the thigh near the knee, caused him to 
seek advice. Roentgenograms showed the usual changes of Paget’s disease in the 
upper ends of both tibiae and in the femur, together with slight thickening in 
the bones of the cranial vault, while the right femur was partially destroyed, 
evidently by the tumor. 

Amputation at the hip joint was performed. Dyspnea and a cough developed, 
and the patient died two months later. The growth proved to be an osteosarcoma 
of a malignant type. (No sections of bone remote from the tumor were sub- 
mitted, and none of the roentgenograms or sections of the neoplasm are suit- 
able for reproduction. ) 


A third case from the Registry was extremely malignant, although 
at first it was thought to be of the benign giant cell tumor type. 
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Case 9.—Advancing ostcitis deformans for fifteen years. Rapidly growing 
sarcoma of left humerus. Local curettage without relief. Intensive radiotherapy 


Death with pulmonary metastases. Necropsy was not performed. 

J. J. C., a physician, aged 45, for fifteen years had noted the gradual enlarge- 
ment and bowing of the bones of the lower extremities when he became troubled . 
by a pain in the left shoulder accompanied by the rapid enlargement of a swelling 
in this region. After a month he was in acute distress. Roentgenograms showed 
a destructive process in the upper third of the left humerus. The mass was 
opened and locally curetted. One month later, following recurrence of the pain 
and swelling, a second curettage was done. A persistent cough developed, and 








man 20 


Fig. 23 (case 9.)—Rapidly growing osteosarcoma of humerus containing many 
foreign body and true tumor giant cells. Van Gieson’s stain (?); 300. 


roentgenograms of the chest showed metastases. In spite of intensive radio- 
therapy, he failed rapidly and died five months after the appearance of the mass. 

Together with the destructive process due to the tumor, roentgenograms of 
the left humerus and right tibia showed an increase in size of the bones with the 
coarse, parallel trabeculations and the alternating areas of increased and decreased 
density of Paget’s disease. (The roentgenograms are not suitable for reproduc- 
tion.) Microscopic study of the tissues removed at operation showed a malignant 
osteogenic sarcoma containing many foreign body and true tumor giant cells 
(fig. 23). 

INCIDENCE 


There was approximately one case of osteitis deforinans among every 
15,000 patients admitted to the Boston hospitals, corresponding closely 











1204 ARCHIVES OF SURGERY 


to the reports of one in 10,000 at the Johns Hopkins Hospital,’® one 
in 13,000 at the Jefferson Hospital,* and one in 16,000 at the Mayo 
Clinic." Osteitis deformans is probably not so rare as the figures indi- 
cate. Patients with uncomplicated Paget’s disease do not often find 
their way into our hospitals ; if they should do so because of some com- 
plicating disorder, the osteitis deformans may not be indexed; and 
unquestionably many early examples of the malady with monosteitic 
manifestations have been in the past and may still be frequently over- 
looked. At the Peter Bent Brigham Hospital, this being the youngest 
of the institutions whose figures are quoted, fifteen cases have been 
disclosed among 45,000 persons admitted or one in 3,000, possibly 
because in recent years a far larger percentage of patients (80 per cent 
of all admissions ) have had roentgenograms taken. 

Sarcoma occurred as a complication in seven of the sixty-four 
patients with osteitis deformans recorded in the three major Boston 
hospitals (roughly 11 per cent). It may be assumed that lesser degrees 
of osteitis deformans in patients with frank sarcoma were occasionally 
overlooked. (The recognition of these cases would add to the recorded 
number of instances of Paget’s disease complicated by sarcoma, but 
might not increase the percentage of the complication because of the 
relatively large number of uncomplicated ‘cases of osteitis deformans 
which would also be found.) 


DIFFERENTIAL DIAGNOSIS 


Paget’s disease with complicating sarcoma must be distinguished 
from: 

1. Bone tumors with metastases: osteosarcoma (including malignant giant 
cell tumor), endothelioma of bone (Ewing’s tumor), and multiple myeloma. 

2. Metastatic carcinoma of unknown source 

3. Paget’s disease with other types of tumor, including meningioma. 

4. Paget’s disease with syphiloma or other chronic infectious process. 


When the history of osteitis deformans dates from several years 
before the onset of the acute symptoms of malignancy, its presence 
is, of course, unmistakable, but often the diagnosis can be made only 
by painstaking clinical and comprehensive roentgenologic examinations. 
In either case the local alteration at the site of the tumor will appear 
in the roentgenograms in addition to the more or less generalized 
process. 


10. Hurwitz, S. H.: Osteitis Deformans, Paget’s Disease: A Report of Six 
Cases Occurring in the Johns Hopkins Hospital and Dispensary, Bull. Johns 
Hopkins Hosp. 24:263, 1913. 

11. Carman, R. D., and Carrick, W. M.: The Roentgenologic Aspects of 
Osteitis Deformans, Paget’s Disease, with Reports of Fifteen Cases, J. Radiol. 
2:7 (April) 1921. 
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There is usually, but not always, enough bone production in an osteo- 
sarcoma to cast the typical radiating shadows, whereas fibrosarcomas 
with little or no bone production, malignant giant cell tumors, endothe- 
liomas, hemangiomas and multiple myelomas will invade the surrounding 
tissues but fail to show the radiating spicules. The benign giant cell 
tumors exhibit the well known coarse trabeculation with expansion 
of the intact cortex, while the multiple myelomas show widespread 
destruction and crumpling of the bone with no remaining evidence 
of the medullary cavity in the portion involved. The so-called malignant 
giant cell tumors, the multiple myelomas and the metastatic carcinomas 
most often cause widespread areas of destruction in remotely distributed 
portions of the skeleton, those of the metastatic carcinomas being par- 
ticularly discrete. 

A meningioma in a subject with osteitis deformans may only with 
difficulty be distinguished from osteosarcoma of the skull, for the 
osteitis may so dominate the roentgenogram that the complicating over- 
growth or destruction due to the tumor is obscured. Clinical symptoms 
and signs may be indecisive, leaving the diagnosis to operative or post- 
mortem examination. Kennedy ™ has recently presented before the New 
York Neurological Society a patient with a tumor arising from the inner 
table of the skull, compressing or invading the brain and causing 
cerebral symptoms. There was a large left frontal prominence, and 
the roentgenogram showed the typical appearance of Paget’s disease. 
It is probable that this patient, like the fourth in Sir James Paget’s 
criginal paper,’* had a meningioma complicating osteitis deformans. 

Multiple irregular bosses on the skull added to the generalized thick- 
ening of osteitis deformans should suggest superimposed syphilis or 
tumor. The diagnosis will rest on further evidence of syphilis, the 
progress of the disease and the therapeutic test. 

It is well to bear in mind that chronic infectious processes, including 
syphilis, occasionally occur in and around bone, closely simulating 
sarcoma both clinically and pathologically. 


COMMENT 


The malignant tumors in the cases reported were all fibrosarcomas 
with varying amounts of bone production and foreign body or tumor 
giant cell reaction. Instances of benign giant cell tumor arising in 
Paget’s disease have not been found, and none are so recorded at the 
Registry of Bone Sarcoma.*® 


12. Kennedy, F.: A Case of Paget’s Disease of the Skull, Assuming a Malig- 
nant Character, Arch. Neurol. & Psychiat. 11:599 (May) 1924. 

13. Paget, Sir James: Ona Form of Chronic Inflammation of Bones (Osteitis 
Deformans), Med. Chir. Tr. 60:37, 1877. 
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Packard, Steele and Kirkbride’s patient,? a man aged 62, who had 
had Paget’s disease for years, became afflicted by a tumor of the skull 
(fig. 24), sections from which showed a “typical giant-celled sarcoma.” 
The tissue consisted of bundles of spindle cells and masses of round 
cells, but there were also many larger bodies with a single, irregularly 
staining nucleus and numerous giant cells with five or more nuclei. This 
was probably a cellular osteosarcoma with marked foreign body and 
tumor giant cell reaction. The case reported by Heazlit * as metastasiz- 
ing “giant-celled sarcoma” was probably of the same nature, while case 
1 of the present series showed a few foreign body giant cells and many 
true tumor giant cells in a fibrosarcoma; I am inclined to believe 
that this falls, with case 9, in the same category. 

The primary new growth was in the skull in two of the nine cases, in 
the upper portion of the humerus in one, in both the scapula and clavicle 
in one, in the ilium in two and in the lower portion of the femur in one. 











Fig. 24.—Packard, Stelle and Kirkbride’s patient. Bowed legs of Paget's 
disease ; sarcoma of frontal bones. (Reprinted from Am. J. M. Sc., 1901, vol. 122, 
by permission of the authors and publishers.) 


The tumors would be expected to arise in any bone in the body just . 


as osteitis deformans may occur in any bone. Metastatic tumor nodules 
appeared in the skull in two instances. 

Eight of the nine cases occurred in males, but uncomplicated osteitis 
deformans occurs in this sex in only about 65 per cent of cases, and one 
would expect those complicated by malignancy to correspond. 

In eight instances the sarcoma arose in bone markedly affected 
by Paget’s disease, while in one case the underlying disease was not 
suspected until roentgen-ray examination was made. Thorough roent- 
genographic study is essential, and, as has been suggested, patients with 
bone sarcoma, especially when over middle age, should have a roentgen- 
ray examination of the entire skeleton. 

A roentgenogram covering only the field of the tumor may fail to 
detect Paget’s disease, either because the widespread involvement by the 
sarcoma obscures the osteitis, or because the Paget’s disease is so slight 
in the bone from which the tumor arises as to remain unrecognized. 
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It is probable, however, even in these instances, that the sarcoma 
originates from bone affected by Paget’s disease (whatever this dis- 
turbance may be) ; otherwise the age grouping is difficult to understand, 
for it is well known that bone sarcoma is a disease of childhood and 
early adult life. Gross,’* in a classical study of bone sarcomas, notes 
that of thirty-nine cases of periosteal sarcoma, the average age of onset 
was 23 years, the youngest age 12 and the oldest age 55. 

In the present series of sarcomas arising in Paget’s disease, the 
average age of onset of tumor symptoms was 57 years, the youngest 
36 and the oldest 69. 

The bone sarcomas appear to fall then into two large groups, those 
of youth, in which the overgrowth arises in developing or healing bone, 
and, those usually of later life in which the tumor originates from the 
irritated (?) bone with the altered structure known as a deforming 
osteitis. 

The unfavorable prognosis of all sarcomas of bone is common knowl- 
edge. Of the nine patients in the present series, eight are dead and the 
result in one case is unknown. The condition in case 1 was not 
relieved by partial removal of the tumor from the skull or by roentgen- 
ray therapy. In case 2, rapid growth of a sarcoma of the ilium was 
apparently arrested, and there was partial relief from pain, following 
intensive roentgenotherapy. Amputation of a humerus affected with 
sarcoma gave relief from discomfort in case 3. In cases 4 and 5, the 
patients, treated by roentgen ray alone, were not benefited, while in case 
6, temporary respite from the pain of a large sarcoma of the scapula 
and clavicle was afforded by radical amputation. Two patients treated 
by local excision and one by radical operation were unimproved and died 
with metastases. Among the eight instances in which the end-results 
are known, the average duration of life after the first evidence of 
malignancy was eight months, the shortest two and one-half months, 
the longest one year. 

It is interesting to note that when three of our patients were originally 
seen the condition was uncomplicated Paget’s disease, and later com- 
plicated by sarcoma. Gruner, Scrimger and Foster * were impressed in 
their case, as they might well have been, by the “step-like changes in the 
bones from an apparently simple process (osteitis deformans) to one of 
diffuse malignancy.” This occurred in a man, aged 56, while under 
observation in the hospital, severe pains 1a the right arm and shoulder 
being superimposed on the “rheumatic” pains of an old osteitis defor- 
mans. Three months later, swellings appeared over the right shoulder 
and radius, and the radius fractured spontaneously. Resection at the 


14. Gross, S. W.: Sarcoma of the Long Bones; Based on a Study of One 
Hundred and Sixty-Five Cases, Am. J. M. Sc. 78:2, 1879. 
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shoulder girdle was ineffective, metastatic tumor nodules appearing in 
the skull coincident with the rapid decline of the patient. Autopsy 
showed widespread osteosarcomatous lesions together with the typical 
gross and microscopic appearances of osteitis deformans. 

In only one instance was there a history of syphilis (case 4). The 
patient had had a chancre and a rash, and the blood Wassermann 
reaction was strongly positive, but physical signs of syphilitic infection 
were not present. The evidence of Paget’s disease was unmistakable 
(figure 15), although the patient may also have had syphilis. 


SUMMARY 


The tiles of the Peter Bent Brigham Hospital, the Boston City Hos- 
pital, the Massachusetts General Hospital and the Huntington Memorial 
Hospital contain, so far as can be determined, case histories of sixty-four 
examples of Paget’s disease of the bones. 

In five of these cases, a sarcoma had arisen in bone involved in 
osteitis deformans, as verified by the pathologic examination of operative 
or postmortem tissues. (Three other cases from the Registry of Bone 
Sarcoma and two from the above institutions doubtless represent addi- 
tional instances of the combined disorder.) 

The incidence of sarcoma in Paget’s disease, therefore, so far as 
it is represented among hospital patients in this country, would be 
approximately one in ten, a sufficiently high percentage to excite surprise 
in view of the age of these patients and the fact that bone sarcoma 
is considered to be a disease of youth. 

In elderly people afflicted with sarcoma of bone roentgenograms of 
the entire skeleton should always be taken, for it is probable that the 
coexistence of the osteitis deformans of Paget is frequently overlooked. 




























PREVENTION OF REGENERATION OF THE RIBS 


A -PROBLEM IN THORACIC SURGERY 





JEROME R. HEAD, M.D. 
Instructor in Surgery, University of Illinois College of Medicine 


CHICAGO 


Since the original experiments of Duhamel, a voluminous literature 
on the regeneration of bone has accumulated. It has dealt chiefly with 
the nature of the process, the elements of normal bone from which 
the new is formed and the bearing of these questions on the problems 
encountered by the orthopedic surgeon. Because of the nature of these 
problems, interest has been centered on means of assuring regeneration 
after operation, of stimulating it after fractures, and explaining why 
it does not occur in some cases. The occasions in which its prevention 
has been desirable have been few or none. 

In thoracic surgery, however, in which the bony ribs are encountered 
chiefly as a hindrance to exposure and collapse, the prevention of their 
regrowth is frequently desirable. This is the case in drainage operations 
(empyema and abscess of the lung), in operations performed in stages, 
and in cardiolysis and the operation for dilated thorax, in which a 
permanent mobilization of the wall of the chest is the end sought. 

In resection of a rib for empyema, the rapid regeneration of bone 
is the principal factor in closing the opening and in preventing efficient 
drainage. In cases of abscess of the lung reoperations for widening 
the fistula are frequently necessary for the same reason. The chief 
advante in thoracic surgery in recent years, the one which has tended 
most to lower the mortality and extend the indications, is the multiple 
stage operation. Whenever this must be performed over a period of 
weeks or months, the later stages are complicated and made doubly 
difficult because the reformed ribs must be resected, either to maintain 
exposure or to assure collapse. In the Graham multiple stage cautery 
lobectomy the exposure is thus frequently compromised, and in the 
Estlander procedure for chronic empyema and in all of the extrapleural 
thoracoplasties employed in pulmonary tuberculosis and bronchiectasis, 
efficient collapse is frequently prevented by regeneration of the ribs 
resected at the early stages. In these operations the true collapse occurs 
only with the removal of the last ribs. Until then the part of the wall 
of the chest which is already mobilized hangs from the ribs like the 
curtain of a tent, and, if the bones reform in this position, the final 
collapse is compromised. 
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The operation of cardiolysis and that for dilated thorax are fre- 
quently only temporarily successful, because the mobilization lasts only 
until the ribs have regenerated. 

Heretofore, when for any reason reformation of the ribs was not 
desired, it has been the custom to resect the periosteum with the bone. 
This accomplishes the result, but adds greatly to the risk of the operation. 
Between the posterior layer of the periosteum and the pleural cavity 
lie only the thin endothoracic fascia and the parietal pleura. To remove 
the periosteum without breaking through these and opening the pleural 
cavity is difficult. If this is done, the postoperative course is complicated 
by a pneumothorax and, if the wound becomes infected, frequently by 
an empyema. 

It seemed probable that regeneration of the ribs could be prevented 
by destroying chemically-the inner, and supposedly the bone-forming, 
layer of the periosteum. In this article it would be beside the point 
to discuss the difficult’ and still unsettled problem of the manner in 
which the bone reforms after subperiosteal resection. Opinion is divided 
between the periosteal theory of Duhamel and Ollier and the “bone- 
chip” theory of MacEwen. According to the former, the cambium 
layer of the periosteum has an osteogenetic function. MacEwen, on 
the other hand, believes that the periosteum is merely a limiting mem- 
brane and that, after supposedly subperiosteal resection, bone reforms 
only because cells and chips of the cortex have been left in place. Prac- 
tically, it is important only that the bone does regenerate. 

The problem was whether or not some chemical cauterizing agent 
could be found which, on application to the inner layer of the periosteum, 
would destroy the bone-forming. elements without producing deep 
necrosis and perforation of the pleura. 

To test this the following experiments were carried out. Segments 
measuring from 6 to 8 cm. were resected subperiosteally from two or 
three adjacent ribs in dogs. The lower periosteal beds and cut ends of 
bone were painted with different chemicals, the upper ones being left 
as controls. The cauterizing agents used were (1) silver nitrate stick, 
(2) 50 per cent silver nitrate solution, (3) concentrated solution of 
chromic acid and (4) Zenker’s solution. 


RESULTS WITH THE VARIOUS CAUTERIZING AGENTS 


Silver Nitrate Stick—The silver nitrate stick was found to produce 
too extensive a necrosis. The first dog on which it was used was found 
dying on the fifth day after the operation. The cauterization had pro- 
duced a wide perforation of the pleura, the wound had become infected 
and separated and an open pyopneumothorax was present (fig. 1). The 
same sequence of events occurred in several other cases. A dog which 
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had not shown ill effects was killed two weeks after operation, another 
three weeks, and still another four weeks, after operation. Autopsy at 
two weeks showed that the wound was clean, but there was a wide open- 
ing through the rib bed and the parietal pleura. At three and four 
weeks the pleura was not perforated, and the bone had not regenerated. 
It seems probable that there had been openings, but that they had closed 
by granulation. 

From these experiments it was obvious that the silver nitrate stick 
was not a suitable agent, since it caused a complete sloughing away 
of the rib bed and pleura and, when the wound became infected, an 
empyema. 





Fig. 1.—Section of wall of the chest, showing perforation of the periosteum 
bed and parietal pleura following cauterization with a silver nitrate stick. 


Silver Nitrate 50 Per Cent.—Six dogs were operated on, and the 
lower rib bed was painted with 50 per cent silver nitrate solution. In 
one instance the wound became infected, and the pleura was perforated. 
In none of the others was there regeneration in the painted rib bed. 

The one instance of perforation of the pleura indicated that there 
is danger in the use of this solution. - 


Concentrated Solution of Chromic Acid.—Four dogs were operated 
on, and the lower rib bed was painted with a concentrated solution of 
chromic acid. In none of these was there evidence of perforation of the 
pleura. Autopsies were performed on the dogs at the end of one, two, 
three and four weeks, respectively. In all the dogs, there was definite 
regeneration of bone in the control and none in the painted bed. In 
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all speci:nens the painted bed was freely flexible, and without effort could 
be wrinkled up so that the ends of the bone could be approximated. 
In the control beds there was definite stiffening and resistance to bending. 
This was present in the one week specimen. At four weeks there was a 
definite willowy new bone and marked resistance to bending. Both the 
three and four week control specimens had to be decalcified before 
they were sectioned. 

Zenker’s Solution—Six dogs were operated on, and the lower rib 
bed was painted with Zenker’s solution. Several of them were operated 
on again after a week’s interval, and the same procedure was carried 
out on the opposite side. In none of these dogs was there any perfora- 
tion of the pleura or regeneration of bone in the painted bed. Specimens 





Fig. 2.—Section of the wall of the chest, showing pleural face of two ribs, 


portions of which had been sectioned. The regeneration in the upper control bed 
is evidenced by the white callus. Its absence in the lower bed in which the 
periosteum had been painted with Zenker’s solution is proved by the lack of callus 
and the puckering of the pliable tissue. This specimen was removed four weeks 
after the resection of the ribs. 


were removed, one, two, three and four weeks after operation and the 
final one six weeks after operation. In all instances the painted rib 
beds remained easily pliable so that they could be wrinkled up and 
the cut ends of the rib could easily be approximated. The control beds 
were the same as in the chromic acid series. The accompanying photo- 
graph (fig. 2) of a specimen preserved in Kaiserling solution shows 
abundant growth of callus in the control. Absence of callus and the 
pliability of the painted bed is evidenced by the puckering incident to 
the postmortem contraction. Figure 3 shows a roentgenogram of the 
four weeks specimen. In this experiment the middle bed and the 
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upper half of the lower bed were painted. There was good regeneration 
of the upper rib and of the lower half of the lowest rib. 

The results with chromic acid were satisfactory. With the Zenker’s 
solution they were equally good if not better, and, since this is much 
the weaker caustic, it seems the preferable one. It is probable that 
anything that will kill the superficial cambium layer of cells will prevent 
bone regeneration and that even weaker fixatives would be satisfactory. 
There is not, however, any contraindication to the use of Zenker’s solu- 
tion. It accomplishes the desired result, and is something which is 
always on hand or easily obtainable. 
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Fig. 3.—Roentgenogram of specimen removed four weeks after resection of 
segments of three rits. The periosteum of the resected portion of the middle 
rib and the upper half of the periosteum of the resected portion of the lower 
rib were painted with Zenker’s solution. There is good regeneration in the 
upper control bed and in the lower half of the lowest bed. 


In the Sauerbruch extrapleural thoracoplasty as used for pulmonary 
tuberculosis and for bronchiectasis, the method is contraindicated. In 
these conditions, in which the mediastinum is not fixed and the lung is 
not contracted, destruction of the periosteum by producing a permanent 
mobilization of the wall of the chest, would occasion paradoxic breathing 
in the collapsed lung, and consequently cause a reduction of the already 
seriously compromised vital capacity. 
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CONCLUSIONS 
1. In many thoracic operations regeneration of the resected ribs 


prejudices the result. 


2. Heretofore, regeneration has been prevented by removing the 


periosteum with the ribs. 

3. This increases the risk of perforating the pleura and producing a 
pneumothorax or pyothorax. 

4. The bone-forming elements left after subperiosteal resection can 
be destroyed by chemical cauterization. 

5. Cauterization with silver nitrate stick consistently, and with 50 per 


cent silver nitrate solution occasionally, produced a deep necrosis and 
perforation into the pleural cavity. 


6. Cauterization with concentrated solution of chromic acid and with 
Zenker’s solution prevented regeneration of bone and did not perforate 
the pleura. The results with Zenker’s solution were the most satisfactory. 




















EFFECTS OF GASEOUS DISTENTION ON 
OBSTRUCTED BOWEL 
INCARCERATION OF INTESTINE BY GAS TRAPS * 


W. D. GATCH, M.D. H. M. TRUSLER, M.D. 


AND 
K. D. AYERS, M.D. 
INDIANAPOLIS 


Gaseous distention results from bacterial growth in the stagnant 
contents of an obstructed bowel. This is sometimes the most dangerous 
factor in the entire process of intestinal obstruction. In 1898, Kocher * 
emphasized the fact that gas pressure within the lumen alone may cause 
gangrene of the wall of the bowel. It is probable that numerous 
observers have noted the close relationship between distention and 
gangrene of the obstructed loop, but this important mechanism has 
received little experimental study. 

Van Beuren,? in observations on dogs with experimental ileus, 
found gross injury of the bowel, and usually beginning gangrene, within 
seventy-two hours after obstruction. He considered gaseous distention 
as the chief mechanism of this early necrosis, and described the process 
as follows: 


The greater the distention of the intestine, the less the residual elasticity of its 
wall and the vessels in it. As for the vessels themselves, their elongation 
results in a narrowing of their lumen and a thinning of their walls. The thin- 
ning of the walls results in greater compressibility. These conditions are max- 
imum at the antimesenteric border of the intestine where the terminal vessels 
anastomose, and, failing any interference with the mesenteric vessels, tissue 
damage is earliest and most apparent on the antimesenteric surface. 


We have observed this location of beginning gangrene many times 
at necropsy in dogs with experimental intestinal obstruction. In addi- 
tion to the fact that the terminal vessels anastomose at the antimesenteric 
border, Eisberg* has shown by anatomic studies that the vasa recta 
pierce the muscularis as they approach the antimesenteric border, and 
lie closer to the lumen there than at any other point. This anatomic 
arrangement predisposes to compression in this area first. 


*From the Department of Surgical Pathology, Indiana University School 
of Medicine; the Eli Lilly Research Fellowship. 


1. Kocher: Ueber Ileus, Mitt. a. d. Grenzgeb d. Med. u. Chir. 4:195, 1898. 

2. Van Beuren, F. T.: Relation between Intestinal Damage and Delayed 
Operation in Acute Mechanical Ileus, Ann. Surg. 72:610 (Nov.) 1920. 

3. Eisberg, H. B.: On the Viability of the Intestine in Intestinal Obstruction, 
Ann. Surg. 81:926 (May) 1925. 
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In spite of the accepted relationship between distention and circula- 
tory changes in the intestine, we were unable to find in the literature any 
actual measurement of this ratio. The nearest approach is the obser- 
vation of Van Zwalenburg,* who studied microscopically, by means 
of a light within the lumen of the intestine, the actual effects of disten- 
tion on the blood flow. He observed that at a pressure of 30 mm. of 
mercury some capillary streams were arrested; at 60 mm., small veins 
were arrested, and in most veins the current was slow; at 90 mm. all 
blood streams were moving slowly and many but not all, currents were 
changing direction frequently; at 130 mm. pressure, all circulation 
ceased, and there was some oscillation of corpuscles but no progress; 
some ecchymotic hemorrhages were seen with the pressure as low as 
50 mm.; pressure maintained at from 80 to 90 mm. of mercury for 
one hour caused the appearance of congestion, with the vessels engorged 
and the circulation slow. 
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Fig. 1—Curve showing the average readings of blood flow in cubic centi- 
meters per minute through the intestinal wall under varying degrees of gas 
pressure in the lumen. 


In view of the foregoing facts, we have measured the volume of 
blood flow through loops of intestine under different degrees of 
distention. 

METHOD OF DETERMINING BLOOD FLOW 


Dogs were used in all determinations. Under morphine and ether anesthesia 
the abdomen was opened and a loop of small intestine was withdrawn, its vein 
isolated and a cannula inserted. Both ends of the loop were then closed by 
clamp and ligature, so as to cut off anastomotic blood supply as well as to 
close the lumen of the gut. By this procedure we were provided with an 
obstructed loop of bowel, with normal relationship to the arterial circulation, 
from which all the venous return could be collected and measured. Every pre- 
caution was taken to keep the tissues moist and warm. 

We first attempted to prevent blood clots in the cannula by coating the inside 
with paraffin. Measurements were made of the volume of the flow of blood per 


4. Van Zwalenburg, C. V.: Strangulation Resulting from Distention of 
Hollow Viscera, Ann. Surg. 46:780 (Nov.) 1907. 
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minute, while the intestinal loop was inflated to various degrees of gas pres- 
sure through a needle connecting with a large bottle, which acted as a reservoir 
of compressed air. The system was provided with a mercury manometer to 
indicate the pressure. Despite the coating of paraffin, some difficulty was 
encountered, due to the clotting of blood in the cannula, causing partial or 
complete obstruction to the flow. For this reason we have relied only on those 
experiments in which, after release of the pressure in the bowel, the rate of 
blood flow returned approximately to the rate before distention. This served 
also as a check on the maintenance of blood pressure. In two or three instances 
blood pressure readings were made by means of a carotid cannula and manom- 
eter, but this was not considered necessary later, for we found that the pressure 
remained fairly constant in spite of the blood necessarily lost in the experiment. 

On account of the difficulty encountered by the clotting of the blood, a cannula 
was devised with an upright side tube joining at the point of entrance of blood 
from the vein. The neck of the side tube was drawn down to a small capillary. 


Determination of Blood Flow Though Isolated Loops of Small Intestine 
Under Various Degrees of Gas Pressure 











Pressure Blood Flow in Cubic Centimeters per Minute 
in Mm. of ———____—_ we mile 
Mercury A B Cc D E F Average 
0 20 20 24.0 12.0 10.0 10.0 18.0 
25 20 s 18.0 20.0 11.2 16.0 17.0 
50 14 8 18.0 16.0 10.0 12.0 13.0 
75 12 a3 13.0 10.2 7.8 7.6 10.1 
100 s 4 10.0 7.6 6.8 6.0 7.0 
125 6 sa 7.5 5.2 4.4 3.6 5.4 
150 6 4 5.6 4.2 4.0 3.6 5.4 
175 : oe 4.0 unk 3.6 3.6 3.7 
200 4 2 ote ae ~<a Sane 3.0 
175 4 os 4.0 as 3.6 3.6 3.7 
150 8 4 4.0 4.2 4.0 3.6 4.6 
125 ‘. 5.0 4.8 4.8 3.6 4.6 
100 10 6 5.6 6.0 5.6 4.0 6.2 
7 re AM 8.6 7.0 8.0 6.2 7.5 
50 14 18 12.0 11.6 10.0 10.0 12.6 
25 22 os 18.0 16.4 12.0 16.0 17.0 
0 28 22 24.0 19.6 8.0 18.0 19.0 





Through this upright tube a constant flow of 10 per cent sodium citrate solu- 
tion was maintianed. This was found to flow at the rate of 0.5 cc. per min- 
ute, and this amount was deducted from the readings of the blood flow. The 
results of the measurements in several experiments are tabulated, with readings 
taken as the pressure increased and again as it decreased. The graphic record 
is a composite curve, derived by averaging the readings for each pressure. 


RESULTS 


It will be noted that for each increase in gas pressure within the 
intestinal lumen there is a corresponding decrease in the volume of blood 
per minute circulating through the wall of the bowel. This propor- 
tionate decrease ceases when the gas pressure exceeds the animal’s 
blood pressure, and there remains a constant residual flow of blood, 
however greatly the loop is distended. We have checked this result 
repeatedly and by close observation have determined that this residual 
circulation occurs not through the bowel wall, but by way of small 
anastomotic vessels in the mesentery and along the mesenteric border of 
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the intestine. Pressure within the lumen cannot exert influence on the 
circulation at these points. Along the antimesenteric border, however, 
the bowel is blanched entirely free from blood when the gas pressure 
equals the arterial blood pressure. 

When the pressure within the lumen is decreased, a proportionate 
increase in the rate of blood flow through the loop results. When the 
pressure is entirely released, the flow is equal to, or, because of hyper- 
emia, may even exceed, the measurement taken at the outset. After the 
delicate technic of the experiment is mastered, this procedure can be 
repeated several times on the same preparation. 

The tabulated results demonstrate that the rate of blood flow 
through the wall of the bowel is inversely proportional to the gas 
pressure within the lumen, resulting in complete anemic stasis when 
the pressure within the bowel becomes approximately equal to the 
arterial blood pressure. 

COMMENT 


From a consideration of these observations we can easily under- 
stand that, even in the absence of mesenteric strangulation, circulatory 
stasis and necrosis may develop in the obstructed bowel from gaseous 
distention alone. The rate at which this process operates will depend 
on the nature and location of the obstruction. In cases of simple 
occlusion in which incarceration of the bowel does not occur, reverse 


peristalsis may for a time prevent overdistention. Usually, however, 
the complicated intestinal loops trap the gas in small pockets, and the 
constant gaseous formation from bacterial activity readily leads to 
pressure sufficient to occlude the blood supply in the manner described. 
It is obvious, however, that this mechanism is more rapidly fatal under 
conditions in which a section of the bowel is incarcerated. 


INCARCERATION OF THE BOWEL 


The strangulation of hernia and the various conditions under which 
the bowel may be incarcerated have always been subjects of interest to 
surgeons. Often at the operating table a portion of the intestinal tract 
is found imprisoned in a situation so odd as to occasion much con- 
jecture concerning causative factors. Frequently, the relations are of 
such complexity that it seems impossible to visualize a spontaneous 
mechanism of the bowel which could produce the incarceration. How- 
ever, in studying the behavior of gas when trapped under pressure in 
the bowel, we have observed a phenomenon which explains these acci- 
dents. As a result of the use of the mechanism of the gas trap, we 
have found that a loop of intestine may slip with ease into a pocket 
from which there is no escape, and into which additional loops are 
aspirated until strangulation occurs. 
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THE GAS TRAP 


A simple experiment demonstrates this mechanism. In a globular flask of 
about 500 cc: capacity a smooth hole is blown approximately 2 cm. in diameter. 
Through this hole a small loop of a dog’s intestine is passed into the flask. 
The lumen of the gut is tied off a short space proximal to the flask and into 
this pocket a quantity of air is injected by means of a large syringe and needle. 
This air rushing into the lumen of the gut confined in the flask causes a sudden 
distention of that portion of the bowel, producing an effective valve. Neither 
the gas nor the intestine is now able to escape through the opening into which 




















Fig. 2—Schematic diagram of the gas trap mechanism. A is a ring or band 
which constitutes the opening into a pocket of the peritoneum or mesentery. 
B is the afferent intestinal loop and C, the efferent portion. In diagram 1 the 
process is just beginning. In diagram 2 the bowel in the pocket is over dis- 
tended by gas forced in from B and trapped by the valvelike action of the ring. 
Diagrams 3 and 4 show successive steps in the inclusion and incarceration of 
the bowel, as traction from the pocketed and distended loop pulls more intestine 
into the trap, as shown by the arrows. 


the flaccid bowel passed with ease. Furthermore, if another bolus of gas is 
forced in, causing still greater compression in the trap, several inches of bowel 
will be aspirated into the flask by the traction of the intestinal loops to give 
the compressed gas more space. This process continues till the flask is filled 
with distended intestinal loops. 
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In this connection, retroperitoneal hernia becomes a subject for 
interesting speculation. This condition is one in which most of the 
small intestine is incarcerated in a peritoneal sac arising from the fossa 
of Treitz, or one of the other folds of the mesentery abo-1t the duodeno- 
jejunal juncture. Andrews,° in discussing this condition, has maintained 
that the so-called duodenal hernia is a congenital anomaly in the develop- 
ment of the peritoneum whereby the small intestine is imprisoned 
beneath the mesentery of the developing colon. We are in sympathy 
with the view that the origin of these conditions may be embryologic. 
We believe, however, that the phenomenon shown by the gas trap offers 
an alternative mechanism in the production of these incarcerations. 
Andrews states that differential pressures are lacking within the 
abdominal cavity, and he doubts the existence of any force able to 
segregate the whole small intestine in a sac. 

As a result of our experimental observation of the gas trap, we 
cannot hold to this view. An adhesive band, a hernial ring or an 
abnormal fold of the peritoneum may isolate a section of the intestinal 
lumen. Active peristalsis from above forces a bolus of gas into the 
pocket, and, due to its valvelike action, the gas does tot escape. The 
process is repeated, and the gas, now under increased pressure, causes 
the loop to distend, exerting a traction which aspirates more intestine 
into the pocket till the pressures are again equalized. In this way it is 
conceivable that, under the proper conditions of elasticity and relaxation, 
many loops of intestine may be drawn into a pocket which at the outset 
included only a small section of the lumen. 

It is evident that such a mechanism must explain the large internal 
hernias in which most of the small bowel slips through an artificial 


opening in the transverse mesocolon following gastro-enterostomy. It 


is not impossible that the same mechanism operates in the retroperitoneal 
hernia. 

The length to which this process of inclusion may continue depends 
on the mobility of the intestinal loops and the nature of the pocket 
formed. In many instances a small incarceration is strangulated at once. 
In other cases the imprisoned mass may attain great size without 
strangulation. 

The differentiation is a question of the pressure relations which 
arise. When the valvelike action is sufficient to cause venous stasis, 
the resulting congestion and swelling cause strangulation. Further 
gaseous distention by bacterial action in the strangulated loops rapidly 
produces gangrene. 


5. Andrews, E.: Duodenal Hernia—A Misnomer, Surg. Gynec. Obst. 37: 
740 (Dec.) 1923. 
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The importance of this is evident. In previous publications,’ we 
have shown that the fatal absorption of toxins from an obstructed 
bowel occurs as a direct result of gangrene in the wall. Necrosis of 
the bowel is therefore the chief factor in making intestinal obstruction 
a desperate surgical emergency. This process must be arrested early 
or death is inevitable. 


SUMMARY 


Gaseous distention of the bowel alone may exert sufficient pressure 
to produce gangrene by occlusion of the circulation in the bowel wall. 

This mechanism operates most completely along the antimesenteric 
surface of the intestine. The resultant gangrene is most apparent in 
that area. » 

The experiment with the gas trap mechanism offers an explanation of 
the conditions leading to incarceration and strangulation of the bowel. 


6. Gatch, W. D.; Trusler, H. M., and Ayres, K. D.: Acute Intestinal Obstruc- 
tion; Mechanism and Significance of Hypochloremia and Other Changes in 
Blood Chemistry, Am. J. Med. Sc., to be published. 





























RELATION OF NITROGEN BODIES OF BLOOD TO 
SURGICAL PROBLEMS IN LIVER AND IN 
BILIARY TRACT DISEASE 


II. STATUS OF NITROGEN BODIES OF BLOOD IN EARLY, 
MILD AND MODERATF’.1 ADVANCED CASES OF 
BILIARY TRACT DISEASE * 


ABRAHAM O. WILENSKY, M.D. 


NEW YORK 


The liver is known to the the seat of much of the intermediary 
nitrogen metabolism in the body. During the last two decades, much 
has been written concerning the urinary nitrogen partition in hepatic 
disease. Rowntree, Marshall and Chesney emphasized the difficulty of 
interpretation in such studies and called attention to the accompanying 
changes in the blood. They found that the proportion of blood urea 
was slightly decreased in hepatic disease. More recently, Bollman, Mann 
and Magath have reported evidence pointing to a cessation of urea 
formation in dogs after complete extirpation of the liver. In man, a 
comparable degree of hepatic insufficency is not observed, even with the 
grossest hepatic changes. In experimental animals with obstructive 
jaundice, Greene showed that there was usually a sharp and definite 
decrease in both the relative and absolute values of the blood urea. These 
low values persisted until shortly before the death of the animal, when 
a terminal rise of blood urea occurred. This probably was evidence of 
terminal renal insufficiency. 

I shall discuss the clinical side of the relationship of the nitrogen 
metabolism and blood nitrogen retention to surgical disease of the liver. 
Cases of bilitary tract disease have seemed of most promise and have 
been employed. 

For the purpose of this study cases of biliary tract disease, including 
in this general classification all cases of cholelithiasis, cholecystitis and 
cholangitis, have been classed into: group I, early and moderately early 
cases without jaundice or other complication; group II, early and mod- 
erately early cases with jaundice; group III, early and moderately early 
case with and without jaundice and with nephritis and group IV, late 
cases of advanced biliary tract disease with deep jaundice, clinical signs 
of cholangitis and with and without secondary change in the kidneys. 

The cases studied were not selected in any way but were studied 
seriatim as the pati ‘s were admitted and discharged from the hospital. 
In all of the studies special attention was paid to the surgical problems 
involved. vf 

























*From the Mount Sinai Hospital. 


Any Other Complication* 
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The following tables list the general facts with special reference to 
the study of the blood chemistry. The tables follow the classifications 


TABLE 1.—General Table of Cases of Biliary Tract Disease of Mild and Moderate 
Grades Without Jaundice or Other Extraordinary. Liver Complication, 
Without Demonstrable Kidney Involvement and Without 











made previously. 
Case Age 
1 58 
2 41 
3 27 
4 ee 
5 45 
6 42 
7 
8 28 
9 50 
10 48 
12 37 
13 40 
14 48 
15 35 
16 39 
17 25 
18 28 
20 > 
21 ee 
22 59 
23 22 
23 49 
28 33 
30 44 
32 52 
36 36 
37 22 
38 26 
40 29 
43 33 
44 28 
45 42 
46 46 
47 48 
48 47 
50 33 
51 54 
4 
55 28 
57 52 
60 wa 
63 47 
64 43 
60 31 
66 26 
68 35 
69 33 
70 43 
72 29 
73 58 
7 60 
77 38 
78 33 
79 30 
82 40 


Condition 


Chronic 
Acute 
Chronic 
Acute 
Acute 
Acute 
Chronie 
Chronie 
Chronie 
Chronie 
Chronic 
Chronie 
Chronic 
Chronic 
Chronic 
Acute 
Chronic 
Chronic 
Acute 
Chronic 
Chronic 
Chronie 
Chronic 
Acute 
Acute 
Acute 
Chronic 
Chronie 
Chronic 
Fistula 
Chronic 
Chronic 
Chronic 
Chronie 
Chronie 
Acute 
Chronic 
Chronie 
Chronic 
Chronic 
Acute 
Chronic 
Chronic 
Acute 
Chronic 
Acute 
Chronic 
Chronic 
Acute 
Chronic 
Chronic 
Chronic 
Acute 
Chronie 
Chronie 
Acute 


Urea 
Nitrogen 
12.6 
12.6 
12.6 
12.6 
10.2 
11.8 
12.6 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
144 
12.6 
14.0 
14.0 
15.0 
14.0 
14.0 
12.6 
14.0 
14.0 
14.0 
16.8 
16.8 
16.8 
16.8 
16.8 
16.8 
18.2 
18.2 
18.2 
16.8 
18.2 
19.6 
16.8 
18.2 
18.2 
19.6 
15.4 
16.8 
15.4 
15.4 
15.4 
19.6 
21.0 
22.4 
21.0 
21.0 
21.0 
22.4 
26.6 
25.8 
26.6 


Nonprotein 
Nitregen 
26.7 
33.3 
34.1 
30.9 
48.1 
35.0 
43.3 
47.6 
44.9 


Urie Acid 


2.0 
2.5 


- 
© 


62 to 90 
bo to & Go 


bo 09 £0 bo tO bt im BO Co BO G0 1S Ft : 
Kok Omipe we ONN: 


Creatinine 


: 
—) 


CiHPReOS 


0.9 
1.0 
1.0 
1.0 
1.0 
12 
1.0 
12 
11 
2.2 
1.5 
2.6 
1.0 
10 
1.2 
1.2 
1.0 





* All of the estimations in this and in 
and postoperative observations were ma 


before any food was taken. 


all the following tables of auteoperative observations 


de from samples of blood secured in the morning 
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ANTEOPERATIVE OBSERVATIONS 

A summary of the facts to be deduced from this table includes the 
following : 

1. For the most part the figures run within the “normal” ranges but 
figures are also found at both the upper and lower limits of the “normal.” 
As all of these blood figures are dependent on the diet of the person at 
the time of the blood examination, the figures at the opposite extremes of 
the scale must be accepted as “normals” in the absence of other data 
which might indicate any abnormality outside of the biliary tract. 

2. The relation of the blood urea to the nonprotein nitrogen of the 
blood is not of a proportionate degree. The proportions of either are 
variable and independent of each other. The general tendency, however, 
is for the urea and nonprotein nitrogen figures to be complementary. 

3. The figures for the uric acid content of the blood show a wide 
variation. The figures do not show a proportionate relationship of the 
blood uric acid to the blood urea, blood nonprotein nitrogen or blood 
creatinine, either in any individual case or from case to case. For a 
similar reason, all of these figures must be accepted as “normal” in each 
particular case and in the group as a whole. 

4. The creatinine content of the blood shows the greatest constancy. 
The figures do not show a proportional or other relationship to the other 
blood figures and seem to indicate that their origin is in some way 
independent of the origins of the other blood constituents. They seem 
to indicate that the creatinine metabolism is not disturbed in cases of 
biliary tract disease; the small variations in the blood figures seem to 
confirm the prevalent belief that the creatinine content of the blood 
represents wear and tear of body tissues, and, except in rare instances, 
it is independent of the wide fluctuations of the food supply. 

5. The age of the patient and the blood figures taken as a whole or 
in any one of its particulars, are not related. As most of the patients 
with biliary tract disease are women, almost all of the observations 
reported in this article were made on women. 

6. The acuteness or chronicity of the pathologic lesion is not related 
to the variations found in the blood figures. This statement does not 
refer to far advanced cases of biliary tract disease. 

7. In a general way, one can conclude from these observations that 
in mild and moderate grades of biliary tract disease, without jaundice. 
without nephritis and without other complications, the urea, nonprotein 
nitrogen, uric acid and creatinine contents of the blood are within the 
normal ranges, and their variations are dependent on the dietary char- 
acteristics of the individual at the time of observation. 

Table 2 contains the cases of this series in which the patients had 
jaundice. An attempt is made to indicate the depth of the jaundice by 
the figures representing the concentration of the cholesterol content of 
the blood serum and by the quantitative estimations of bilirubin content 
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of the blood serum according to the van den Bergh test. It was shown in 
a previous study ‘ that a high cholesterol content of the blood is not a 
constant phenomenon in conditions accompanied by jaundice, although 
usually high figures are obtained; with this reservation, the figures 
given in table 2 for the blood cholesterol contents can be accepted for 
the purpose indicated. The van den Bergh reaction in its quantitative 
form is a constant phenomenon and forms a valuable criterion for the 
purpose of estimating relative depths of jaundice as observed from day 
to day or in comparative series. The estimations have sufficient 
accuracy for practical purposes. 

The chief deduction to be made from this table is that varying 
degrees of jaundice in the absence of kidney complications appareiitly 
do not influence and do not have a proportional relation to the blood 
figures for urea, nonprotein nitrogen, uric acid and creatinine. The 


TABLE 2.—Cases of Mild and Moderate Grades of Biliary Tract Disease With 
Jaundice but Without Demonstrable Kidney Involvement or 
Other Complication 











Urea Nonprotein Uric Creat- Choles- 


Case Age Condition Vanden Bergh Nitrogen Nitrogen Acid inine terol 
ll 38 CE Sx. caccesmbenens 14.0 42.0 21 1.0 0.436 
39 29 Se. «eae ccnkioueas 16.8 50.1 1.7 1.2 calles 
41 52 INS *365.- oe peace 15.4 43.4 3.3 18 0.340 
42 49 MED <> = davdlcanSiwwes 15.4 38.9 2.5 1.3 0.260 
49 34 GS SS oo a ages 18.2 62.9 4.1 12 0.260 
83 60 Ce. os éwuchocnaua 30.8 71.7 2.1 1.3 0.312 
27 63 Chronic 1:1,600-60,000 14.0 33.3 2.5 11 0.170 
56 48 Acute 1:100,000 16.8 «abe 3.5 11 0.142 
61 25 Chronic 1:100,000 15.4 35.8 2.0 1.0 0.090 
34 32 Acute (ist 1:120,000 14.0 aise 2.7 1.3 0.160 

attack) 
58 30 Chronic 1:150,000 18.2 35.2 2.2 1.0 0.142 
82 40 Acute 1:150,000 26.6 50.0 2.5 1.0 0.124 
59 35 Chronie 1:200,000 15.4 34.1 2.5 1.0 0.200 









figures for the latter do not differ materially from those given in table 1 
and are within the normal ranges. The relatively “normal” range of 
the blood figures most probably have important relations to the com- 
paratively short duration of the jaundice, to its comparative mildness 
and to the compensatory mechanism of the body. 

Cases 49 and 83 need some explanation. Case 49 shows figures for 
the blood nonprotein nitrogen and for the blood uric acid at the upper 
limits of the normal. The association of high uric acid figures most 
likely indicates that the excess is derived from a similar excessive pro- 
portion of nitrogenous food in the diet. Case 83 does not have this 
association of a high uric acid content of the blood, but nevertheless a 
similar explanation is probably correct for the high urea and non- 
protein nitrogen content of the blood. 


1. Wilensky, A. O., and Rothschild, N. A.: Am. J. M. Sc. 156:239 (Aug.) 
1918; 156:404 (Sept.) 1918; 156:564 (Oct.) 1918. 
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The nephritis in the cases included in table 3 was mild. The exam- 
ination of the urine showed the presence or absence of an album/‘nuria 
of the mildest character and the presence of a minimal number of 
hyaline or granular casts. There was never any bloody or smoky urine 
or other signs of an acute kidney process or of an acute exacerbation of 
an old process, and, except for the results of urinalysis, the presence 
of a renal ‘esion would not have been suspected. Such forms of nephritis 
are characterized by little if any disturbance of function and by no 
disturbance of the nitrogenous metabolism. 

The chief deduction to be drawn from this table is that such mild 
cases of nephritis occuring either as a complication or as an associated 
phenomenon in biliary tract disease do not manifest any increase of the 


TABLE 3.—Cases of Mild and Moderate Grades of Biliary Tract Disease With and 
Without Jaundice and With Nephritis but Without Other Complication 








— - — eee eee 
Van den Urea Nonprotein Urie Creat- Choles- 

Case Age Condition Jaundice Bergh Nitrogen Nitrogen Acid inine terol 
24 32 Acute Absent onesie 14.0 33.3 3.1 11 0.176 
52 48 Chronic Bee.» : : eaectakas 15.4 49.0 2.0 2.0 0.296 
76 64 Chronic Absent 1:400,000 21.0 35.0 3.5 1.1 0.160 
81 45 Acute Absent odgeccees 29.4 57.7 3.3 1.0 0.142 
25 38 Chronic PES > chietesnse 12.6 32.6 2.5 1.1 0.245 
66 26 Acute Se ;?. . egeteess 15.4 35.0 2.3 12 0.110 
67 47 Chronie Absent ‘tiesiead 15.4 30.0 3.0 11 0.130 
75 a Cholangitis Absent __........... 21.0 60.0 2.2 11 0.140 





TaBLe 4.—Cases of Biliary Tract Disease with Demonstrable Structural 
Liver Change 











Urea Nonprotein Urie Creat- Choles- 


Case Liver Change Nephritis Jaundice Nitrogen Nitrogen Acid inine terol 
4 Infiltration......... Absent Absent 12.6 30.9 1.3 11 0.100 
80 Degeneration....... ee. > eee 29.4 mate 5.3 2.0 0.142 died 
75 Chronie cholangitis Present ........ 21.0 69.0 2.2 1.1 0.140 died 
55 Infiltration......... Absent Absent 18.2 4.7 7.6 10 0.112 
GD. Cee hatin cseo” ~ ccsetecs. 1 ween 15.4 34.1 2.5 1.0 0.176 
Ee Absent Present 18.2 35.0 4.0 11 0.112 
86 Chronic cholangitis Absent Absent 19.6 45.5 3.5 12 0.154 
90 Fat infiltration..... Absent Present 14.0 35.0 2.8 13 0.248 
91 Chronie cholangitis Absent Present 18.2 3.5 3.5 1.2 0.266 





urea, nonprotein nitrogen, uric acid and creatinine content of the blood. 
The figures for the latter are not different from those in the uncom- 
plicated forms of mild or moderately severe biliary tract disease. 

In these cases structural change in the liver tissue was demonstrable. 
Except for the fact that the figures show a tendency to group them- 
selves toward the upper limits of the “normal” range, not any particular 
change is noted. This is most likely due to the enormous compensatory 
capacity of the liver. The highest figures are present when the biliary 
tract disease is complicated by renal changes. The occurrence of upper 
limit level ngures in cases 80 and 85 for the blood content of urea and 
uric acid possibly is suggestive of the work of Bollman, Mann and 
Magath. 
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POSTOPERATIVE OBSERVATIONS 


A summary of the facts to be deduced from table 5 includes the 
following : 

1. A large increase in the urea and nonprotein nitrogen content of 
the blood was demonstrable after operation in 18 per cent of the cases 
studied. A similar increase but of moderate extent was demonstrated 
in 35 per cent of the cases. A slight increase along similar lines was 
demonstrated in 11 per cent of the cases. 


TaBLeE 5.—General Table of Facts Observed Before Operation and Their Com- 
parison with Similar Facts Observed After Operation 








Anteoperative Estimations Postoperative Estimations 





Urea Nonprotein Uric Creat- “ Urea Nonprotein Uric Creat- 
Case Age Nitrogen Nitrogen Acid inine Nitrogen Nitrogen Acid inine 


41 12.6 33.3 53.8 

27 12.6 34.1 33.3 

ee 12.6 30.9 35.0 
14.0 35.8 45.5 
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2. In 18 per cent of the cases the difference between the preoperative 
and postoperative urea and nonprotein nitrogen contents of the blood was 
not appreciable. 

3. In 18 per cent of the cases the postoperative urea and nonprotein 
nitrogen content of the blood was less than the preoperative content. 

4. The urea and nonprotein nitrogen content of the blood retained 
their preoperative relative proportions and remained complementary, an 
increase in the one being accompanied by an increase in the other. 
Exceptions to this rule occurred, and in the latter cases it was usually 
found that taken as a whole the figures were at about the same level. The 
complementary character of the urea and nonprotein nitrogen was 
especially evident when the postoperative figures were much larger than 
the preoperative ones. 
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The deductions to be drawn from table 6 include the following : 

An increase in the uric acid content of the blood was demonstrated 
after operation in 47 per cent of the cases; a decrease in the uric acid 
content of the blood was demonstrated after operation in 41 per cent. 
In 11 per cent the figures remained stationary after operation. Post- 
operative increases of some kind of the uric acid content of the blood 
occurred less often than increases in the urea and nonprotein nitrogen 
content of the blood. 

2. The dominant fact to be deduced from this table is that the 
occurrence of high figures for the uric acid content of the blood is part 


TABLE 6.—General Relations Between the Anteoperative and Postoperativ- Uric 
Acid Content of the Blood and Associated Clinical Phenomena 








Anteoperative Estimations Postoperative Estimations 
= A. 





‘ Urea Nonprotein Urie Creat- “ Urea Nonprotein Urie Creat- 
Condition Nicrogen Nitrogen Acid inine Nitrogen Nitrogen Acid inine 


Chronic 15.4 3.0 14.0 34.1 2.5 1.0 
Chronic 14.0 36. 
Acute 15.4 
Chronie 14.0 
Chronic 14.0 
Chronie 14. 
Chronie 14.0 
Jaundice 15.4 
Acute 29.4 
Chronic 14.0 
Acute 16.8 
Chronic 14.0 
Chronic 19.6 
Chronic 21.0 
Chronic 21.0 
Acute 12.6 
Chronie 18.2 
Acute 14.0 
Acute 29.4 

14.0 

15.0 
Chronic 18.2 
Chronic 15.4 
Acute 126 
Acute 19.6 
Chronie 18.2 
Chronie dan 
Chronic 
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of a general increase in the blood contents of the ‘other nitrogenous 
bodies, that is, urea, nonprotein nitrogen. In this regard, clinical 
corrobation of the experimental work of Bollman, Mann and Magath 
could not be found, and association between liver destruction and high 
uric acid contents of the blood could not be clinically demonstrated. An 
important cause for this is probably the enormous compensatory capacity 
of the liver. 


3. The postoperative increase in the uric acid content of the blood 
was not always associated with a postoperative nephritis (either new 
or an exacerbation of an anteoperative nephritis). In some of the cases 
in which a nephritis was present a postoperative decrease occurred 
instead, and in one case (no. 56) the figures remained stationary. 
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4. In four cases in which jaundice was a clinical phenomenon there 
was an increase in the uric acid content of the blood after operation, 
as opposed to one case in which there was a decrease and one case 
in which the amount remained stationary. 


5. Any quantitative or other relation between the uric acid content 
of the blood after operation and the urea, nonprotein nitrogen and 
creatinine contents of the blood was not observed. 


6. The fact that a postoperative decrease in the uric acid content of 
the blood occurred in 41 per cent of the cases—almost an equal number 
to that in which an increase took place after operation—seems to negative 
any relation to the pathologic physiology accompanying the disease. 
From the known facts concerning the origin of uric acid in the blood, it 
seems correct to assume that these variations are entirely dietary in 
origin. 

7. The creatinine content of the blood remained in a practically 
unchanged condition after operation. It went above its preoperative and 
normal range in only one instance in the presence of a postoperative 
nephritis. This also was undoubtedly part of a general retention of 
nitrogen bodies in the blood. The status of the creatinine content of 
the blood is apparently seldom, if ever, disturbed. 

8. Except for this definite increase in the urea, nonprotein nitrogen, 
uric acid and creatinine content of the blood, after operation in 47 per 
cent of the cases studied, the general characteristics of the figures for 
the nitrogen bodies in the blood after operation follow along similar 
lines to those described and observed before operation. 

In attempting to correlate the postoperative increases in the blood 
nitrogen bodies with observed clinical facts, the cases studied were 
divided into a number of groups which followed a similar trend to 
subdivisions made in the earlier part of this article. The results of 
these group observations follow: 


Taste 7.—Cases of Mild or Moderately Severe Biliary Tract Disease Without 
Complication of Any Kind Either Before or After Operation Which 
Show the Ordinary Postoperative Course of Affairs in 
Uncomplicated Cases 








Anteoperative Postoperative 


: Urea Nonprotein Uric Creat- “ Urea Nonprotein Uric Creat- 
Nitrogen Nitrogen Acid inine Nitrogen Nitrogen Acid inine 


34.1 19 12.6 33.3 J 1.0 
30.9 . 15.4 35.0 4 1.0 
a 22.4 = . 1.3 
82.2 isee eee 1.0 
14.0 t ‘ 13 
J 1.0 

1.0 
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A summary of the facts to be deduced from the table includes: 

1. An increase in the urea and nonprotein nitrogen content of the 
blood occurred after operation in 67 per cent of the cases studied, a 
decrease occurred in 1 per cent and 22 per cent remained the same. 

2. An increase in the uric acid content of the blood occurred after 
operation in 38 per cent of the cases, a decrease occurred in 13 per cent 
and in 50 per cent the content remained the same. 

3. The figures for the anteoperative and postoperative creatinine 
contents of the blood were practically identical. 


TABLE 8.—The Relationship of the Blood Examination to the Fluid Intake, Output 
and Daily Bile Drainage in Case 89 








Fluid Fluid Bile 
Intake, Output, Drainage, Urea Nonprotein’ Uric Creat- 
Day of Illness Ce. Ce. Ce Nitrogen Nitrogen Acid inine 
Anteoperative........  ..+.. eae: aes 15.4 33.3 2.3 1.2 
Postoperative 
Ut tbennedacdccmesuenil bSene 1,100 500 33.6 63.3 3.5 1.3 
500 480 480 
1,000 1,000 420 
1,000 330 190 
1,000 390 300 
1,500 540 330 19.6 49.0 2.5 1.0 
1, 510 360 
500 500 240 
1,800 500 330 
1,200 510 680 
1,200 1,100 830 15.4 40.0 2.0 1.1 
1,200 1,020 600 
1,750 1,140 ? 
1,000 1,100 ede 14.0 Seve 2.5 1.0 
1,200 1,050 
1,400 1,050 
1,600 1,000 
2,100 1,500 
1,200 1,000 14.0 33.3 2.5 1.0 
1,400 1,200 
1,400 1,100 
400 1,000 12.6 29.3 2.5 12 
800 1,67 
1,000 1,000 
700 900 
1,500 950 12.6 32.6 2.5 1.1 
1,400 975 , 
1,500 1,000 
1,500 ? 
1,500 1,100 
1,300 ? 











4. The general proportional relationships of these quantitative 
changes repeats the deductions made from table 6. 

Case 89 shows the relationship of the blood examinations to the daily 
total fluid intake and output and to the daily bile drainage. 


Case 89.—This was an uncomplicated case of chronic cholecystitis with 
cholelithiasis, for which a cholecystectomy was done with the introduction of 
bile drainage. Jaundice and the evidences of a nephritis were absent both 
before and after operation. The results of the laboratory examinations are given 
in table 8. 


Case 89 is a good illustration of the fact that increases in the blood 
figures which occur after operation need not be dependent on a diminu- 
tion of the fluid intake and need not be related to the total fluid intake 
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and output. In this case, increases in the blood figures occurred after 
operation when the fluid intake and output were at normal levels. 
During the second week after operation, the fluid intake and output 
were curtailed materially as compared with the preceding and subse- 
quent intake and output, but during this time the figures for the urea, 
nonprotein nitrogen and uric acid contents of the blood receded to the 
preoperative levels. 

This observation seems to corroborate the statement previously made 
that these metabolic disturbances are most probably related to the liver 
mechanism. 

A summary of the facts to be deduced frum table 9 includes the 
following : 

1. An increase in the urea and nonprotein nitrogen content of the 
blood occurred after operation in 86 per cent of the cases, while in 
14 per cent there was a decrease. 


2. An increase in the uric acid content of the blood occurred after 
operation in 66 per cent of the cases, and in the remainder the figures 
remained stationary. 

3. The creatinine content of the blood was not changed after 
operation. 

In the cases in which jaundice appeared as a new phenomenon after 
operation, the postoperative increases are slight. * these cases the post- 
operative examinations of the blood were made alm ust simultaneously with 
the appearance of the jaundice, which probably accounts for the smaller 
increases after operation. It seems fair to assume from this difference 
that jaundice must be present for a sufficiently long period, possibly a 
number of days, before it can cause its maximum effects in aiding the 
blood retention. 

Cases 30 and 28 give the detailed laboratory notes of two cases in 
which jaundice developed after operation. The jaundice in case 30 was 
mild. 


Case 30.—In the presence of an acute suppurative cholecystitis with choleli- 
thiasis without jaundice, nephritis or other complication in a patient 44 years 
old, the following laboratory data were obtained before operation and after 
a cholecystectomy had been done. The process seemed limited to the gall- 
bladder. Temporary jaundice developed after operation, but nephritis and other 
complications did not follow. The results of the laboratory examinations are 
given in table 11. 

Case 28.—A cholecystectomy was performed for a chronic cholecystitis and 
cholelithiasis without any complicating factor; prior to operation nephritis 
and jaundice were not present. The postoperative course was disturbed by an 
obstructive jaundice. There was never any drainage of bile from the operative 
wound. The jaundice finally disappeared, and the patient left the hospital well. 
The results of the laboratory examinations are given in table 12. 
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TaBLe 11.—Results of Laboratory Examination in Case 30 
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TABLE 12.—Results of Laboratory Examination in Case 28 
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TaBLe 13.—Results of Laboratory Examination in Case 86 
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Case 86 gives the laboratory and clinical data of a case in which the 


biliary lesion was a long standing affair. 


intake and output to the blood figures is also shown. 


Case 86.—Seventeen years ago the patient had been operated on for chole- 
Another operation—a cholecystotomy—was performed three years 


lithi 


ago for a recurrence of the symptoms. 


asis. 


The relation of the fluid 


A persistent biliary fistula resulted and 


remained up to the present time, and for this, operation was again done; a stone 
was removed from the common duct, and drainage of the latter was instituted. 
The results of the laboratory examination are given in table 13. 


fluid intake and output and the blood chemistry. 


These laboratory observations corroborate those previously made, 
and seem to indicate that in this case there was no relation between the 


Whatever change 


occurred in the latter must therefore be referred to other causes. 
The blood figures before operation were at the upper limits of the 
A distinct fall in the urea, nonprotein nitrogen, uric acid and 


nor 


creatinine contents of the blood occurred after operation. 


mal. 


In view of 


TaB._e 14.—Cases of Mild and Moderately Severe Biliary Tract Disease Without 
Jaundice but Complicated or Associated with Nephritis 











Anteoperative Postoperative 
z= ~ nom came 1 ~~ ‘ 

Ne- Urea Nonprotein Uric Creat- Urea Nonprotein Uric Creat- 

Case phritis Nitrogen Nitrogen Acid inine Nitrogen Nitrogen Acid inine 
20 + 14.0 31.5 2.8 1.0 22.4 uvae 3.5 13 
24 + 14.0 33.3 5.0 13 18.2 35.0 3.5 11 
66 ad 15.4 35.0 2.3 1.2 22.4 44.4 2.5 1.5 
67 + 15.4 30.0 3.0 11 14.0 34.1 2.5 1.0 
76 + 21.0 35.0 3.5 1.1 23.8 —— 3.0 1.0 





the fact that at the second operation it was demonstrated that the long 
standing biliary fistula was due to a stone in the common duct, it seems 
reasonable to assume that the preoperative figures were not truly 
“normal” for this patient, but that they indicated disturbance of liver 
function associated with blood retention of a mild grade. The regression 
of these figures after operation and during the convalescence to levels 
far below their preoperative status and to levels which are distinctly 
“normal” must be accepted as evidence of the removal of the cause of 
the liver disturbance and of recuperation of the latter organ to a normal 
state. 
Table 14 contains the cases in which nephritis was present before 
operation. The nephritis was mild, diagnosed mainly by the presence of 
In some of the cases there was some 
increase in the abnormal contents of the urine after operation, that is 
an increase in the number of casts, or less often in the albuminuria ; with 
this exception, there was no clinical indication of any increase in the 


abnormal elements in the urine. 


renal lesion. 


were not seen after operation. 


a renal lesion disappeared subsequently. 


In the other cases (the majority), changes in the urine 


In a few, the laboratory indications of 
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Table 15 contains the cases in which nephritis appeared after opera- 
tion. Owing to the fact that the nephritis appeared immediately after 
operation, it is assumed that this was directly related to the effects of 


the anesthetic (ether) used during the operation. The grade of the. 


nephritis varied; even in the severer types, the main evidence of any 
renal lesion in the cases listed in table 15, existed in the presence of 
abnormal elements in the urine. As a general rule, there was regression 
and complete disappearance of this evidence of renal damage before 
the patient was discharged from the hospital. 

The facts to be deduced from tables 14 and 15 follow: 


1. In the cases in which nephritis was present before operation, 
increased blood retention occurred. These increases were of a mild 
grade and reflected the mildness of the renal lesion. 

2. Increases occurred in 84 per cent of the cases in which a nephritis 
appeared after operation as a new clinical phenomenon. In two of 


TaBLe 15.—Results of Laboratory Examination in Cases of Mild and Moderately 
Severe Biliary Tract Disease Without Jaundice but Complicated or 
Associated with Postoperative Nephritis 
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a Urea Nonprotein Uric Creat- Nephritis Urea Nonprotein Uric Creat-— 


Case Nitrogen Nitrogen Acid inine Grade Nitrogen Nitrogen Acid inine 
59 15.4 34.1 2.5 1.0 + 19.6 34.1 2.5 1.0 
64 15.4 36.7 0 12 ++ 30.8 66.5 3.5 1.0 
56 16.8 satis 3.5 11 + 19.6 35.0 3.5 1.0 
68 16.8 44.4 2.0 1.0 > 12.6 one 2.1 1.0 
55 18.2 36.7 2.6 1.0 +++ 63.0 122.5 6.5 1.3 
81 29.4 57.7 3.3 1.0 ++ 29.4 61.0 3.0 1.0 








the cases studied, the increase was a substantial one, while in the others 
the increases were of a mild degree. This increase seemed proportionate 
to the renal lesion and to the length of the period of its existence. 
The association of jaundice and nephritis is common clinically in 
disease of the biliary tract. In table 16 cases of this kind are grouped 
together. 
The facts to be deduced from this table are: 


1. With one exception, all of the cases showed postoperative 
increases in the urea, nonprotein nitrogen and uric acid content of the 
blood. The creatinine figures as usual showed little if any change. 

2. The difference between the anteoperative and postoperative 
figures are more noticeable than with either jaundice or nephritis alone. 

3. Blood retention can become extreme. 

The relationship of the variations in the blood chemistry to the 
fluid intake and output is shown in case 23. 


Case 23.—The patient had a case of chronic cholecystitis and cholelithiasis 
and was operated on directly after an attack of gallbladder colic following 
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which slight jaundice developed. The jaundice became intensified after opera- 
ation, probably because of traumatic and inflammatory swelling in the operative 
field. A postoperative nephritis developed. There was complete recovery. The 
results of the laboratory examinations are given in table 17. 


Table 18 contains the cases in which, either during life or post 
mortem, structural or other anatomic changes have definitely been 
demonstrated. A comparison is made in this table between the ante- 
operative and postoperative blood estimations in this group of cases. 
The anatomic diagnosis is also correlated with the presence or absence 
of jaundice or the evidences of nephritis. 


TaBLe 17.—Results of Laboratory Examination in Case 23 








Non- 
Fluid Fluid Dia- Urea protein 
Day of Intake,Output, Ne- Jaun- Urine Vanden Ace- cetic Nitro- Nitro- Urie Creat- 
Illness Ce. Ce. phritis dice Bile Bergh tone Acid gen gen Acid inine 
Anteoperative ..... are 0 nes ise: 14.0 82.6 3.5 11 
Postoperative 
Feb. 16 Operation 
17 ovene aes 21.0 
20 A 19.6 
21 1,120 ousb 
22 1,410 
3 
24 
25 
26 
28 


28 
March 





A summary of the deductions to be made from table 18 includes: 


1. The association of demonstrable liver structural lesions with 
mild and moderate grades of biliary tract disease is commonly associ- 
ated with jaundice and renal lesions (nephritis). 

2. The gravity of the entire pathologic condition seems to be 
in direct proportion: (a) to the degree of liver structural disturbance, 
(b) to the depth of the jaundice and (c) to the presence and gravity 
of the associated nephritis. 

3. The prognosis of these conditions becomes poor, and in the series 
observed and reported in this communication, 50 per cent of the cases 
in this group terminated fatally. 
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4. The postoperative urea, nonprotein nitrogen and uric acid con- 
tents of the blood show large increases over the preoperative level. 
The creatinine content shows little, if any change. 

5. The blood figures are usually accurate indexes of the gravity 
of the entire clinical picture. Their regression to normal levels usually 
indicate an amelioration of the pathologic condition, either temporary 
or permanent, while their progression usually indicates an equal pro- 
gression of the illness. In the latter instance the gravity of the prog- 
nosis increases proportionately and fatalities are to be expected. 


TABLe 19.—Results of Laboratory Examination in Case 75 
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Case 75 illustrates the relation of the fluid intake and output to the 
blood figures in this group of cases. 


Case 75.—A cholecystectomy was done after an acute exacerbation of a 
chronic cholecystitis ; cholelithiasis was present also. Laboratory evidence of a 
moderate nephritis was present. During the acute attack, the patient had 
jaundice, and bile in moderate amounts was present in the urine. The results 
of the laboratory examinations are given in table 19. 

Following the operation, apparently the nephritis did not become more severe. 
The degree of the jaundice did not change. About ten days later, the patient's 
appetite began to flag; this increased and became associated with vomiting. 
A free discharge of bile occurred from the wound, and bile continued to pass 
into the intestinal tract. Acidosis developed later, which was probably due 
to the marked restriction in food and fluid intake. There was a tendency to 
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diminution in the fluid output of the body. The symptoms continued, and the 
patient finally died. The increase in fluid output during the last few days of 
life must be accepted as evidence that the excretory mechanism of the body 
was beginning to recuperate. 

Postmortem examination of the body showed a marked fatty infiltration of 
the liver with marked fibrosis around the portal spaces; there was not any 
acute inflammation. There were changes in the kidneys also. 


COM MENTS 


In the first paper of this series, it was pointed out that in studying 
the nitrogen metabolism, and especially the status of the urea, nonprotein 
nitrogen, uric acid and creatinine of the blood, a wide latitude of results 
were obtained which apparently were beyond classification into an 
orderly arrangement. It was established that under such conditions 
individual figures meant little if anything, and that judgments were 
permissible only when comparable series of cases were considered. 
Actual figures meant little, and similar plus or minus changes exhibited 
in comparable series of cases meant much more. The figures in the 
preceding part of this paper are to be interpreted with these criteria 
in mind. 

The dominant fact to be deduced from the preoperative observations 
is that in the ordinary mild or moderately severe case of biliary tract 
disease, disturbances of nitrogen metabolism leading to retention of 
nitrogen bodies in the blood are not recognizable in clinical practice. 
The individual figures for the urea, nonprotein nitrogen, uric acid and 
creatinine show wide variations. Some of these are apparently low in 
the scale while others are rather high; but there is not sufficient evi- 
dence in any case to enable one to say that any abnormality is present. 

The major and most frequent changes are present in the urea, 
nonprotein nitrogen and uric acid. These changes apparently do not 
reflect in any way similar changes observed in experimental investi- 
gation. At any rate, it is not possible at the present moment to correlate 
any of the changes observable during disease with similar conditions 
which can be more completely produced artificially in the experimental 
laboratory, at least, as far as their relation with the observable changes 
in the blood chemistry is concerned. This does not mean that such 
changes do not exist; perhaps in clinical practice these abnormalities 
may exist, but owing to their slight extent or to the enormous com- 
vensatory efforts of the body organs, notably the liver and the kidney, 
these changes do not assume sufficient importance to make themselves 
perceptible or prominent in the clinical picture. 

Observations on the creatinine content of the blood have shown the 
least variation. This has been commented on previously. In clinical 
practice they are not important and for practical purposes can be 
disregarded. 
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Owing to the nature of the ailment and to the fact that frequently 
operation is not performed on patients with biliary tract disease or they 
do not receive treatment until the essential lesion is relatively advanced, 
complicating factors, especially jaundice and nephritis, are often present 
at the time of observation. In the cases studied in this series, only 
the mild cases are included. In these the jaundice was usually mild and 
temporary, and the nephritis was symptomless and for the most part a 
“laboratory” phenomenon. The blood chemistry observations which 
were demonstrated in the cases studied and reported in this article have 
not differed from those observed in uncomplicated cases. Owing to the 
wide latitude of the blood chemistry estimations, it is not possible to say 
that abnormalities did not exist which under proper conditions could not 
be correlated with the jaundice or nephritis. It seems more likely that 
in some of the complicated cases, the figures which were at the upper 
end of the scale, and which, for want of other and better evidence, 
must at least temporarily, be accepted as normal figures, probably 
indicate some disturbance of function and some nitrogen retention. 
Again, their want of importance in the clinical picture must be ascribed 
to their comparative smallness of extent and to the compensatory 
mechanism of the body and its individual organs. 

A different conception of the preoperative observations is perceptible 
after their comparison with the postoperative facts. In the light of 
the latter, the preoperative observations on the urea, nonprotein 
nitrogen, uric acid and creatinine content of the blood can be classified 
into three groups: (1) a group in which the preoperative and post- 
operative status is practically identical, (2) a group in which the post- 
operative status shows a regression from the preoperative status and 
(3) a group in which the postoperative figures show a progression 
from the preoperative status. 

All that one can say in the first group, with comparatively identical 
preoperative and postoperative figures, is that nothing has happened 


pari passu with the operation and during the convalescence, either | 


because of them or because of other concomitant factors, to disturb 
the status existing before operation. Such cases are not necessarily 
restricted to the group in which the operation is not followed by any 
complication, jaundice, aephritis or both. To a smaller extent, they 
were observed in cases in which jaundice or nephritis appeared after 
operation; under such conditions it seemed fair to assume, not that 
changes did not occur, but that their perceptible effects were rectified 
by the compensatory mechanisms. 

The second group, containing cases with postoperative regression 
from the preoperative status, is extremely interesting. From pre- 
operative observations alone it had been assumed prior to operation that 
the figures which were obtained were “normal.” In the light of the 
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consistent diminution in the figures which occurred in this group after 
operation, it seems more correct to say that the preoperative status is 
abnormal and that the postoperative change indicates an improvement 
in the condition. This was well illusirated in the case described in the 
previous part of this article which shows the importance of not making 
judgments on any individual observation, a fact which has been referred 
to several times. 

The regressive changes of this second group have been observed 
most often in cases of long standing. They have also been observed 
in uncomplicated cases as well as in cases accompanied by nephritis or 
jaundice. At the present writing, it seems impossible to correlate the 
preoperative status with any one single factor. All that one can say 
about the postoperative status is that operation was beneficial and that 
it permitted recuperation and regression to the “normal.” From the 
fact that operation was directed primarily and absolutely against the 
biliary tract, it seems permissible to argue further that the cause of 
the preoperative status of the blood chemistry was primarily the liver. 

The third group, containing cases with postoperative progression 
from the preoperative status, is important from a clinical standpoint. 
The dominant fact which stands out is that something had occurred, 
either during or following the operation, which changed the preoperative 
status. This change has been observed in uncomplicated as well as 
in complicated cases, such as cases accompanied by jaundice or nephritis. 

A general deduction to be made from a comparison of table 7 with 
tables 5 and 6 is that in uncomplicated cases of biliary tract disease of 
mild or moderately severe grade a certain amount of retention of 
nitrogen bodies in the blood follows the operative insult in a fairly 
large proportion of the cases which, apparently, in view of the absence 
of complicating factors, especially in the kidney, must be ascribed to 
essential conditions. The disturbances are apparently of mild grade, 
are easily compensated in the human economy, frequently give few or 
no signs of their presence and disappear spontaneously during conva- 
lescence without leaving evidence of their previous existence. In the 
clinical consideration of the individual case, or of this group of cases 
as a whole, mild disturbances of this kind do not offer any criteria 
on which poor prognoses could be made. 

In the absence of complicating jaundice or nephritis, the possible 
causes for the postoperative progression of the blood nitrogen figures 
narrow themselves down to one of three: (1) a pure liver effect, (2) the 
effect of the anesthetic drug and (3) a diminution of the fluid intake 
and output. Observations were given in the previous part of this 
communication which seem to negative any effect related to the changes 
in the fluid intake and output. Any effect correlated with anesthetic 
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drug poisoning would bring about the same results through either the 
liver or the kidney, and the elimination of the latter restricts the cause 
of the postoperative progression to an effect on the liver alone. 

A general deduction to be made from a comparison of tables 9 and 
10 with tables 7, 6 and 5 is that in mild or moderately severe cases of 
biliary tract disease with jaundice, the degree of the postoperative 
progression of the urea, nonprotein nitrogen, uric acid and creatinine 
contents of the blood, as a rule, is not any greater than in uncomplicated 
cases. The generally greater frequency of the postoperative progression 
of the blood figures in tables 9 and 10, which contain uncomplicated 
cases, in the absence of other complications—notably those in the 
kidney—must necessarily be ascribed to the presence of the jaundice. 
This seems to indicate that in the presence of jaundice a disturbance 
of liver metabolism is likely to occur more frequently, and in the 
series studied this increased freqyency amounts to approximately 25 per 
cent. In the series studied and reported in this article, the restoration 
of the blood Sigures to the “normal” during the postoperative convales- 
cence, the absence of symptoms which could be specifically referred to 
the blood phenomena, and the complete recovery of the patient, seem 
to indicate that in these milder conditions, the blood retention could not 
and should not be employed as criteria on which prognoses are to be 
established. 

The cases accompanied by nephritis showed the greatest frequency 
for the postoperative progression of the blood figures. As a general 
rule, it seems that the status of the nitrogen body content of the blood 
which follows operation in mild or moderate grades of biliary tract 
disease complicated by nephritis are most frequently comparable in 
their extent with those observed with similar cases complicated by mild 
grades of jaundice. Occasionally retention of the blood nitrogen, larger 
in its extent, than previously referred to, is seen with the cases of 
nephritis. From previously known facts, blood retention under these 
conditions must necessarily be considered as a renal phenomenon. 

The relation of the variations of the fluid intake and output to the 
variations of the nitrogen status in the blood in the mild cases studied 
in this series and reported in this article is not of special importance. 
However, in some of the cases, especially in nephritis, there seems to 
be a distinct tendency toward diminution in the fluid output associ- 
ated with marked increases in the blood figures. 

In the presence of coexisting jaundice and nephritis, it becomes 
difficult if not impossible to distinguish which factor is causative in 
these relatively mild cases. It seems probable that in all of these cases 
operation is necessary, but that the renal changes are greatest. The 
relative positions of the biliary lesion, the jaundice and the renal lesion 
in the biologic progression of the clinical picture are difficult to deter- 
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mine. Doubtless they form phases in the full development of the 
essential liver lesion and its secondary effects, but for practical purposes 
this distinction is of little value in the mild cases considered in this 
article, as such degrees of disturbance apparently disappear quickly 
and completely when proper treatment can be and is instituted. 

All of these mild changes, however, are extremely important as 
indicating possibilities when the lesions are more severe and the effects 
are more profound. Unfortunately, too frequently there have been 
cases with more severe lesions, more extensive complications, deep 
jaundice and profound effects, for the chemical and other changes of 
which those outlined here are but the beginnings; they foreshadow the 
possibilities to function, to recovery and to life. Table 13 is suggestive 
as to what these changes consist of and to what results they lead. These 
severe cases will be considered in the third article of this series. 





SARCOMA OF THE OMENTUM 


A. L. McDONALD, M.D. 


DULUTH, MINN, 


Proved cases of primary sarcoma of the great omentum are exceed- 
ingly rare. In 1919, I* reported the postoperative and pathologic 
observations concerning what I believed to be an instance of this condi- 
tion, though the diagnosis was not beyond question. 1 have since 
obtained a complete follow-up record of a second operation for recur- 
rence, with pathologic studies of the tissue removed, and finally the 
autopsy report, together with complete notes on the autopsy following 
a second recurrence. Since the preliminary report, I have made an 
extensive study of the literature and have followed up a number of the 
reported cases by personal correspondence. 

In this article it is my purpose: (1) to submit a detailed report of 
a case with the evidence to prove that it should be accepted as an 
instance of primary sarcoma of the omentum; (2) to study certain 
cases in the literature which may be accepted in this’ classification, 
and (3) to present a study of the literature concerning (a) other types 
of tumors which simulate such growths, together with their relations 
to primary sarcoma, and (b) differential diagnostic features and condi- 


tions which must be satisfied in order to accept such a diagnosis. 


REPORT OF A CASE 


History—A man, aged 30, recently discharged from the army, had been in 
the hospital for several weeks during his army service, with a diagnosis of 
pulmonary tuberculosis, and was awarded a slight compensation for disability 
on discharge. 

At the age of 12 he had had a severe attack of “indigestion” from over- 
eating, which had cleared up promptly without operation. In the fall of 1918, 
he had had an attack of diarrhea of several days’ duration. Since this attack 
the movement of his bowels had been irregular, and he was subject to attacks 
of indigestion which were brought on by eating fats, pork or excessive amounts 
of bread. During this period he had had three definite attacks of severe pain 
in the lower part of the right side of the abdomen, without vomiting. On 
May 4, 1919, he was seized with sudden severe pain in the lower right quadrant 
of the abdomen. The pain persisted. He vomited once after taking salts. 


Examination—On May 6, he presented himself for examination. His, 
temperature was 99.4 F., his pulse rate was 90. He was well developed and 
well nourished. The results of the general examination were otherwise nega- 
tive. The abdomen was full but not «:stended, and there was not a palpable 
mass. There was definite tenderness in the Jower right quadrant with rigidity 
of the lower right side of the rectus muscle. The patient was sent to the 
hospital with a probable diagnosis of an acute exacerbation of a chronic 
appendicitis. That evening the temperature was 100 F., the leukocyte count 
was 12,000. Urinalysis was negative. 
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Operation and Course-——On May 7, he was operated on under ether anes- 
thesia. A right rectus incision was made. There was free bloody fluid in the 
peritoneum. A friable, discolored mass, which bled easily on manipulation and 
gave the appearance of broken-down fat and inflammatory material, appeared. 
Wher the incision was enlarged, it became evident that the mass was in the 
omentum, and occupied a space of from 10 to 12 cm. in diameter and about 
3 cm. in thickness. It lay within the serous layers of the omentum, without 
adhesions to the abdominal wall or to the underlying structures. The margins 
of the mass seemed to be definite, so that resection was accomplished by suture 
ligatures in a rather thick, but apparently normal omentum. The omental open- 
ing was closed with catgut. The appendix was atrophic and somewhat con- 
stricted, but did not present evidence of recent inflammation, nor were there 
any adhesions to adjacent structures. It was removed, and the wound was 
losed with a superficial drain which was removed in forty-eight hours. Con- 
valescence was prompt and uneventful. The patient returned to work within 
a few weeks. 

Pathologic Study of Specimen.—The mass was about the size and thickness of 
a man’s hand, and was composed of areas of solid white tissue with other 
portions which suggested hemorrhagic infarction. There was a fairly definite 
line of demarcation, and the surfaces were covered with a serous membrane. 
Microscopic sections through the solid white areas presented the picture of 
round cell sarcoma, while those from other regions suggested an inflamed infarc- 
tion. Dr. Joseph C. Bloodgood,’ of Baltimore, made an exhaustive study of 
the material, and sent the following report. 

“The larger mass about the size of the palm of a hand looks like omentum. 
Section of this tissue shows that in places it has the opaque white appearance 
of lymphosarcoma, and is quite friable. The greater part of this mass has the 
same appearance. The surface in some places is smooth, in other places rough. 
It is stained black with smail hemorrhages. The second mass (a portion of 
the larger one) varies from 2 to 3 mm. in thickness, and resembles the wall 
of a cyst. It contains some dark material like an old blood clot. Then there 
are small pieces of tissue which at first sight look like omentum, but on section 
have the appearance of lymphosarcoma with pin-point black area of hemorrhage. 
This tumor tissue looks like the cortex of the brain. 

“Microscopic Patholoyy.—The microscopic diagnosis rests between an inflam- 
matory lesion and a sarcoma. The predominant histologic picture in all four 
sections is granulation tissue with a great proliferation of endothelial cells of 
blood and lymph vessels. Granulation tissue in fat tissue like omentum is more 
difficult to differentiate from sarcoma than in any other tissue. In addition 
to granulation tissue there is evidence of old hemorrhage, thrombosed blood 
vessels with thickening of the wall of the vessels and organization of the 
thrombus. The appendix shows chronic inflammation, but no tumor formation. 
Evidence of fat necrosis of the pancreatic type is not found.” 


At that time Dr. Bloodgood’s series of omental tumors included 
eighteen cases, of which seven were omental cysts, ten were inflamma- 
tory tumors, and one (the present case) was classed as sarcoma, with 
these remarks: “If Dr. McDonald’s case is a sarcoma, it is the first 
such primary lesion of the omentum. In the microscopic study in the 
group of omental cysts and in the group of chronic inflammatory tumor , 
we find cellular areas somewhat resembling sarcoma, but none so defi- 
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nite as in Dr. McDonald’s case. If this patient lives, we would be 
inclined to revise our diagnosis to that of a chronic inflammatory tumor. 
Tuberculosis of the omentum is not considered here.”’ 


Second Operation and Course—On Feb. 4, 1920, the patient wrote that he 
had been working since his operative recovery, but that for the past month he 
had been having abdominal distress, and was able to eat only small amounts 
of food. His physician had recently discovered a tumor in his abdomen. He 
was operated on at the U. S. Public Health Service Hospital, St. Louis, on 
March 10, 1920, by Dr. W. M. Jones, who wrote me concerning the results of 
the operation, and sent the microscopic slides. “I removed a large growth 
from the omentum and most of the omentum from Mr. M. on March 10, 1920. 
Macroscopicaily this tumor was a sarcoma, smooth and covered with a 
peritoneal-like investment. The cut section showed a large amount of pseudo- 
mucin in the center. The microscopic report from our pathologist was sarcoma.” 
The microscopic picture in the slides closely resembled that of the original 
tumor. Following this operation the patient was given intensive roontgen-ray 
treatment at the hospital, and improved rapidly. I saw him during the summer 
of 1920, and he seemed to be in good condition. During the summer of 1921, 
there was evidence of extensive recurrence, and the patient was under observa- 
tion at the U. S. Public Health Hospital No. 68, Minneapolis, Minn., where 
he died on Aug. 3, 1921. Drs. P. W. Wipperman and J. C. McKinley furnished 
me with a complete autopsy report, a portion of which follows. 

“The peritoneal cavity is filled with fluid. There are soft adhesions between 
the bowel and the anterior abdominal wall. The surface of the bowel is 
covered by a thick, gelatinous fibrinous material which binds the coils of the 
bowel together. The right pleural cavity is filled with fluid, and the lung is 
collapsed. The left cavity contains about 100 cc. of clear fluid; adhesions are 
not present. The surfaces of the pericardium appear normal. There are many 
soft whitish nodules distributed along the whole length of the gastro-intestinal 
tract. In the pelvis on the anterior rectal wall there is an irregular mass 
about the size of an orange, which partially surrounds the rectus. The entire 
intestinal tract is covered by this thick, gelatinous material, which acts as an 
extra coat for the intestine. The aorta shows a few small, raised yellowish 
patches. The lymph nodes cannot be distinguished from the nodules occurring 
through the mesentery, which apparently are neoplastic. The left iliac vein 
is distended with blood, which apparently is in partial stasis, and accounts for 
the edema of the left leg. The stasis is apparently due to pressure from the 
masses of tu:nor and fibrinous material in the pelvis and lower part of the 
abdomen. 

“Diagnosis: generalized abdominal sarcomatosis, peritoneal and pleural effu- 
sion and edema of the left leg due to pressure on the common iliac vein.” 

The microscopic picture shown in the slides was that of lymphosarcoma, 
and was similar in structure to that of the original growth and of the recurrent 
tumor removed in 1920. 


COMMENT 


The surgeons in this case had to deal with a primary tumor, which 
- was encapsulated in the great omentum, that is, it lay entirely within 
>the serous layers of that structure, and was not adherent to adjacent 
““tissues. At this time it was confined to the omentum, without any 
_ @vidence of causal or associated pathologic conditions in the abdomen. 
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Recurrence within a year was also localized within the omentum in such 
a manner that the surgeon found an apparently operable tumor which 
did not show gross evidence of extension or secondary growth. Finally 
there was recurrence with extensive growths throughout the abdomen 
at least, as proved by autopsy. The histologic pictures presented in 
slides made fromgthe original growth, the recurrence and the autopsy, 
were similar, and confirmed the original provisional diagnosis of primary 
sarcoma of the great omentum. 





REVIEW OF 





THE LITERATURE 





The literature concerning this subject is somewhat confused in two 
respects: 1. It includes many cases of malignant growths which, while 
involving the great omentum, are not primary in that structure. 2. Many 
of the reports concern inflammatory masses, various types of infarction 
and lymphogenous cysts, any of which may closely resemble sarcoma 
microscopically. 

The first comprehensive review of the subject is a thesis by Camus.* 
He discusses the anatomy and structure of the omentum, and defines 
what may properly be considered as a primary tumor of the omentum. 
He follows the teaching of Trousseau and of Eve, whom he quotes 
to the effect that primary cancer of the omentum does not exist, and 
that all cancers of the omentum are metastases or extensions of cancer 
in other structures. He limits tumors of the omentum to the following 
types: endothelioma, lymphoma, lipoma, fibroma, sarcoma (embryonic 
fibroma) and angioma (no cases reported). Endotheliomas originate in 
the surface endothelium (peritoneum) or lymphatics as white masses in 
the omentum. The condition may -not be clearly primary in the 
omentum, since similar growths may be found throughout the peri- 
toneum or even in the pleura. He refers to the autopsy reports of two 
cases; those of Schulze, 1876, and Lancereux, 1878, in which, however, 
it is not certain that the sarcomas were primary in the omentum or even 
in the peritoneum. He describes the lymphoma, lipoma and fibroma as 
benign masses which are often pedunculated. Thus they may lose their 
original connection with the omentum and be found as isolated tumors 
lying free in hernial sacs or in the peritoneal cavity. He refers to 
illustrative cases in the literature. Concerning sarcoma of the omentum, 
the author says that it is a rare tumor which grows rapidly and may 
reach large size. It is variable in consistency, has an alveolar structure 
and contains areas of colloid degeneration of pseudocystic formation. 
There may also be hemorrhages of the tissues, due to the rupture of 
vessels which are often much dilated, particularly about the periphery 
of the tumor. This results in the formation of hemorrhagic cysts. 
Sarcomas are not encapsulated, being covered only by a thin cellular layer 
(peritoneum). They grow rapidly, displacc viscera, and may interfere 
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with the return circulation, causing ascites or edema of the lower 
extremities. Clinicaliy, the tumor is superficial. It may be continuous 
with liver dulness; it is movable laterally, but is fixed above, and may 
suggest fluctuation. There is only slight pain or functional disturbance 
until the tumor has reached considerable size. Camus reports two 
cases of his own which apparently belong in this category, and he refers 
to three others in the literature, those of Eve and Meridith* and that 
of Braun. Two of these patients died within a year with recurrence. 

Another Paris thesis in the same year (Lavocat*) is devoted to a 
clinical study of malignant tumors of the great omentum. Lavocat, 
however, does not make a distinction between the malignant growths 
which may reasonably be considered as primary in the omentum and 
those which simply represent secondary involvement from cancer of 
other structures. While the clinical study is exhaustive and interesting, 
the cases reported cannot be accepted in the consideration of primary 
sarcomas of the omentum. 

The most satisfactory study of primary malignant tumors of the 
great omentum is that of von Stopelmohr.’ He refers to two extensive 
collections, those of Monnier (Prutz and Monnier*) and Losinski ® 
The latter’s article was not available. Monnier has included some cases 
which I do not consider as primary sarcomas and has missed some 
which von Stopelmohr has accepted in his list. In discussing the 
anatomic relations and development of the omentum, von Stopelmohr 
would exclude: (1) growths which occur in the gastrohepatic and 
gastrocolic omentum, since they may arise from the liver, stomach or 
retroperitoneal structures, and since the tissue differs considerably from 
that of the great omentum; (2) growths which arise in the lesser peri- 
toneum or bursa omentalis, since, according to Lexer, this is a favorite 
site for fetal inclusions and teratoid mixed tumors of the abdominal 
cavity, and .(3) tumors which are directly adherent to the stomach or 
colon, which involve the walls of these organs or which necessitate 
resection of the bowel or stomach. Therefore it is difficult or impossi- 
ble to classify accurately some of the cases which are well advanced 
when discovered. 

Von Stopelmohr quotes Monnier concerning primary new growths 
of the omentum. He classifies as cystic tumors, lymphatic and traumatic 
tumors, echinococcus, cysts and dermoids; and as solid tumors, lipoma, 
fibroma, sarcoma and myxoma. Von Stopelmohr accepts Monnier’s 
classification for the benign tumors, and adds to the malignant growths 
the rhabdomyoblastoma and hypernephroma. He discusses the proper 
classification of the endotheliomas, quoting Borst and Aschoff, who 
consider all types of endothelioma, hemangioma and lymphangioma as 
Sarcomas are not encapsulated, being covered only by a thin cellular layer 
(peritoneum). They grow rapidly, displace viscera, and may interfere 
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differentiation is impossible. The term “pseudo-omental tumors” is 
applied to those which are found in the omentum, but which originate 
in the stomach or colon. He excludes eighteen cases which have been 
reported in the literature as properly not to be considered as primary 
tumors of the omentum. He also rules out others concerning which 
the reports are incomplete. I was particularly interested in one case 
which he excluded (McFarland’s *°), since I had also followed up the 
record. A personal communication from Dr. McFarland * makes it 
clear that he considers this a carcinoma, and the gross description shows 
that the omental involvement was undoubtedly secondary. 

In the Swedish literature, von Stopelmohr was able to find only one 
authentic case in addition to his own. He has compiled all the reports 
he could find in the literature of Europe, North and South America 
and South Africa. He accepts forty-eight cases in addition to his 
own, which he classes as primary sarcoma of the omentum. It is 
apparent that the original reports have been studied in the consideration 
of each case, and that much discrimination was used in accepting the 
ones which come in this category. I had previously reviewed the original 
reports concerning six of the American cases which von Stopelmohr 
includes in his list: Matas,’* Cobb** (two cases), Hasbrouck,’* 
McLean ** and Karsner.'® Hasbrouck’s specimen has been studied in 
Bloodgood’s laboratory, and was there considered as a benign lympho- 
genous cyst. It probably should not be considered as a sarcoma. Matas’ 
case ** seems to be definite, the tumor being found at the first operation 
as a localized mass with a few secondary deposits, which were removed. 
There was recurrence with myxomatous masses, together with a 
myxomatous ascites. The patient died, and autopsy was performed. 
This gives a complete picture of a primary growth and recurrence of 
myxosarcoma. Cobb’s** first case conformed to the description of a 
primary malignant growth of the omentum, and the diagnosis was 
confirmed at autopsy. Cobb remarks that of fourteen cases of malig- 
nant disease of the omentum recorded at the Massachusetts General 
Hospital, there are only two cases of primary sarcoma. McLean’s*® 
case was one of a localized tumor which weighed 10 pounds (4.5 Kg.), 
lying in the great omentum. It was classified as a myxosarcoma with 
small round cells. The patient was known to be alive three years after 
the operation. Karsner’s report refers to an autopsy specimen, and 
undoubtedly belongs in this category. 

Von Stopelmohr notes that in four cases the microscopic diagnosis 
was not accurate. Analyzing the occurrence of the disease with respect 
to age, he finds that of three patients between the ages of 5 and 19, 
all died; of fourteen between 20 and 34, ten died; of fifteen between 
35 and 49, ten died, and in one case the outcome was unknown; of 
twelve between 50 and 64, eight died, and in one case the outcome was 
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unknown; of two whose ages were not given, one died. With respect 
to sex, he finds: nineteen cases occurred in men, of whom fourteen 
died, four survived, and in one case the result was not given. Twenty- 
seven cases occurred in women of whom nineteen died, seven survived, 
and in one case the result was not given. Von Stopelmohr gives the 
histology of these cases in the following table. 

Cystic tumors were described frequently, particularly among the 
circumscribed, and to a lesser extent among the diffuse, tumors; seven 
instances were fioted in the spindle cell group, one each in the circum- 
scribed and diffuse myxosarcomas, three circumscribed and one diffuse 
in the round cell group, two in the circumscribed angiosarcomas and 
one each in the mixed cell and lymphosarcomas. The weight of the 
tumors varied from 500 Gm. to 5,000 Gm. Ascites was present in 
twenty cases, and was noted as being bloody in eight, especially in the 
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vascular tumors, in the presence of torsion of the pedicle, or when 
repeated tapping had been necessary, eleven cases are classified as cured 
without recurrence or metastasis. 

Some of von Stopelmohr’s conclusions are interesting and pertinent. 
His review includes forty-eight cases of primary malignant tumors of 
the omentum, including the gastrocolic portion. Angiosarcoma usually 
occurs in people over 50 years of age, is most often diffuse, and is more 
frequent in women. Sarcomas may be circumscribed or diffuse. The 
fibrosarcoma is most favorable for treatment, as is the spindle cell sar- 
coma, when it is circumscribed. In seven cases, the sarcoma was in the 
gastrocolic omentum, in four it was pedunculated, and in three it was 
found in a hernial sac. These tumors are vascular, with a tendency to 
cystic change through necrosis. Circumscribed tumors may reach great 
size. The fibrosarcoma is usually the smallest. Ascites is present in 
about 50 per cent of the cases, most often with angiosarcoma, least often 
with fibrosarcoma. It often becomes blood-tinged. Metastases are 
most frequent with diffuse growths, especially angiosarcoma, least often 
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with fibrosarcoma; in seven cases they were found outside of the 
abdomen. Fifty per cent of the cases showed adhesions. Omental 
tumors show a symptom-free period of from five months to two and 
a half years; then fatigue, loss of weight, abdominal pain, gastric dis- 
turbance and fulness of the abdomen appear as symptoms of a tumor. 
Pain is often caused by adhesions to other organs. In some cases one 
can palpate a tumor superficially in the region of the umbilicus. 
Occasionally it is low, and then it is difficult to distinguish from a pelvic 
mass. Eleven patients were apparently cured, that is, the tumors did 
not recur for more than one year in four cases and for eight years 
in one case. Patients with round cell sarcomas, fibrosarcomas and 
spindle cell tumors, if circumscribed or pedunculated, apparently may 
be cured. Ascites is not of prognostic significance unless it is bloody; 
then it is an unfavorable symptom. 

Von Stopelmohr’s article has been reviewed in considerable detail, 
because it is an excellent and comprehensive study of the entire subject, 
and is relatively inaccessible to American readers. 

There are several types of tumors which are frequently mistaken 
for sarcoma, and some of them have been reported as such. They 
comprise inflammatory tumors, results of torsion and disturbed circula- 
tion, hemorrhagic infarctions, lymphogenous cysts, endotheliomas and 
lipomas. Inflammatory masses in the omentum are well discussed by 
Hertzler ** as “epilpoitis plastica.” They consist of fibrinoid and 
cellular infiltrations analogous to certain types of woody phlegmon, and 
are on the borderline between a reactive process and malignancy. Some 
instances are reported following operations for hernia, excision of por- 
tions of the omentum, torsion of the omentum without gangrene and 
certain inflammatory lesions in the abdomen. Pathologically, they are 
usually diffuse masses, rather hard, sometimes friable, with a relatively 
poor blood supply, and sometimes contain hemorrhagic areas. In rare 
cases there is necrosis with adhesions to adjacent structures. At opera- 
tion such masses are sometimes mistaken for malignant growths, and 
are left as being inoperable. Microscopically, there is cell infiltration 
consisting of leukocytes in cases in the early stages, and of large round 
cells with fibrinous material in cases of long standing. Well preserved 
blood cells are often found. There may be spindle cells simulating young 
connective tissue. As Bloodgood ® states: “Inflammatory reactions in 
fat such as omentum are extremely difficult to distinguish from sarcoma.” 
In his series, which consisted of seventeen specimens of omental tumors 
up to 1920, seven were classed as omental cysts and ten as chronic inflam- 
matory tumors. 

I have notes furnished by Dr. Donald Miner ** of Jersey City con- 
cerning a case of omental tumor. A man, aged 42, had an operation 
following an acute attack of abdominal pain, with tenderness and vomit- 
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ing. The condition was diagnosed as appendicitis. A mass measuring 
6 by 2 by 1 inches (15.24 by 5 by 2.5 cm.) was resected from the great 
omentum, there being a definite line of demarcation. The pathologist’s 
report was hemorrhagic inflammation, though Dr. Miner says that he 
thought it was an infarct. Such masses are not uncommon. Some of 
them result from torsion of the omentum a.d may become hard and 
fibrous, resembling small fibromas. They may be pedunculated, and 
may even lose their original connection with the omentum and lie free 
in the peritoneum or in hernial sacs. Histologically some of these 
tumors are made up of spindle cells and round cells. Some of them 
have undoubtedly been reported as cases of sarcoma, with recovery. 
Associated with this type of tumor are the hemorrhagic tumors and 
cysts. These have been thoroughly discussed in-some of the French 
theses, notably, by Bichon,’® Reynier,”® and Brunet.*. Bichon presents 
a good historical review of the subject, with a discussion of the anatomy 
of the omentum. He notes that between 1885 and 1895, only two cases 
of omental tumor were reported in Paris, one being a lipoma and the 
other a hydatid cyst. He reports a personal observation of a hemor- 
rhagic cyst of the gastrocolic omentum, and also two autopsy obser- 
vations ; a case reported by Simon in 1858, of a large hemorrhagic cyst 
of the great omentum and another by Piecaud in 1877, of a similar cyst 
of the gastrocolic omentum. Reynier reports three observations of 
such hemorrhagic masses in the great omentum, and discusses the micro- 
scopic pathology. The tumors in his cases showed small lobules of 
fat, which was more or less absorbed and surrounded with infiltration of 
embryonic tissue, with dilatation of vessels and ecchymosis. He recog- 
nized two causal factors: inflammation in adjacent organs, and hemor- 
rhage and infiltration secondary to torsion of the omentum with rupture 
of the vessels. Brunet discusses these changes in considerable detail, 
and presents-an excellent review of the entire subject, together with 
a summary of the chronic inflammatory changes. Inflammatory tumors 
of the omentum are also discussed by Braun,*® who considers as etiologic 
factors: previous laparotomy, especially cases in which a portion of the 
omentum has been resected, strangulated hernia and local inflammatory 
processes. He reports a case in which an omentocele had been resected. 
The retained stump became swollen and retracted in the region of the 
spleen. The clinical diagnosis was that of malignant disease of the 
intestine, the mass was partially resected and thought to be spindle 
cell sarcoma, but at autopsy it proved to be simply an inflammatory 
mass. Numerous instances of changes due to torsion of the omentum 
caused by adhesions, fixation in hernial openings, and other conditions, 
are recorded by Richardson,?* Corner and Pinches.?* Baldwin,** 
Scudder,”* and Eitel.2* Payr ** obtained torsion of the omentum by the 
production of multilocular gas cysts by means of the injection of metallic 
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magnesium which formed hydrogen, and also by the introduction of 
paraffin. He notes that the veins are longer; hence, when twisted they 
become kinked and tortuous, while the arteries form a solid cord about 
which the omentum becomes twisted. This group of lesions and also 
the succeeding lymphogenous cysts and tumors undoubtedly result from 
disturbances in the omental circulation. An extensive examination of 
the textbooks on anatomy fails to disclose a satisfactory detailed account 
of the blood or lymph supply and drainage of the great omentum. 
The arterial blood supply comes principally from the right and left 
gastro-epiploic branches of the celiac axis, which descend in the anterior 
fold of the omentum. It is not clear whether these descending branches 
are reflected at the lower border of the omentum and extend as ascend- 
ing vessels in the posterior fold; whether they develop penetrating 
branches which extend to the posterior layer of the omentum, or 
whether there are descending branches from the colica media which 
supply the posterior layer. In any case, obstruction of the vessels near 
the colic attachment will result in the infarction and fibrosis of the 
dependent portion of the omentum. In the first event, ligation of vessels 
near the periphery will result in disturbed circulation in the posterior 
layer of the omentum with iniarction, etc. Ligation and resection of 
portions of the omentum always result in circulatory disturbances of 
the entire structure, and present the possibility of more or less serious 
lesions of the type already described. Freeman ** discusses this subject, 
and mentions as possible consequences of omental resection: adhesions 
of the omental stump, changes in that structure, gastric or duodenal 
hemorrhage, and fecal necroses in the liver. The latter results are 
explained as due to emboli from thrombosed omental veins, since the 
venous return is through the portal circulation. 

It is well known that both layers of the omentum contain a rich 
network of lymphatic vessels, and it is assumed that these follow the 
arterial system. Disturbances in the lymph circulation occur frequently 
from torsion, ligation, resection or low-grade inflammatory reaction, 
particularly in the relatively dependent portions of the omentum. This 
results in the development of lymphogenous cysts, which may be single 
and of large size, but are more often multilocular and multiple. Marked 
development of fibrous and lymphatic tissue in addition to the cystic 
portions may make the microscopic picture confusing. Dr. J. C. Blood- 
good of Baltimore? classifies seven of his eighteen specimens in the 
category of omental cysts. Excellent discussions of these lesions in 
typical cases occurring in America are found in the reports by Outer- 
bridge,”® Kenny and Mason,*® Austin ** and Doud.* Some of these 
cysts may reach considerable size, with extensive tissue changes in the 
surrounding omentum. The histologic picture is often confusing, so 
it is not surprising that some of these cases have been reported as malig- 
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nant endotheliomas or sarcomas. At least one, that reported by 
Hasbrouck,’* is undoubtedly a lymphogenous cyst, but is classed by 
von Stopelmohr as a cured sarcoma. On the other hand, it is not 
impossible that a lymphogenous cyst may occasionally be associated with 
some type of lymphosarcorua. 

A number of new growths in the omentum have been described and 
reported as endotheliomas, anc the term has given rise to some confusion. 
Ewing ** and MacCallum ™ accept a definite group of new growths 
under this classification. They recognize a distinct type of endothelial 
tissue occurring in the serous membranes, the peritoneum, the pleura 
and the meninges, and in the lymph and blood vessels. They believe that 
this tissue gives rise to a definite type of malignant new growths which 
present some of the characteristics of sarcoma and in other regions may 
resemble carcinoma. Since the omentum is richly supplied with these 
tissues, one would expect to find this type of tumor arising in that 
structure. Because of the confusing microscopic picture, some of these 
have undoubtedly been reported as primary cancer of the omentum, 
and it is not improbable that some cases of secondary cancer without 
a demonstrable primary source have been reported as endothelioma of 
the omentum. Other pathologists do not accept this group of tumors as 
a distinct entity. McFarland * does not believe that endothelial cells 
are capable of tumor growth and does not recognize this type of new 
growths. It is evident that the term endothelioma has been loosely 
applied, and careful study has resulted in a restriction of the group. 
The question seems to depend on the actual embryologic origin of the 
endothelial cells of the blood vessels and lymphatics. If of mesodermal 
origin, they give rise to some kind of sarcoma; if they are t> be con- 
sidered as an independent type of cells, they give rise to a distinct 
type of malignant growth intermediate between the sarcoma and carci- 
noma. Two questions are involved in a consideration of the malignant 
growths supposed to originate in the serous membranes, particularly in 
the peritoneum, pleura and meninges. There is considerable doubt, 
first, whether these tumors actually arise from the endothelial cells or 
from the underlying supporting tissue; and second, whether the endo- 
thelium is to be considered as developing from the connective tissues or 
as am independent layer. Until it is possible to settle this somewhat 
academic question, it would seem simpler to consider this group of 
tumors as a variety of sarcoma, and avoid all confusion with carcinoma, 
which must always be a secondary growth in the omentum. The micro- 
scopic picture is often confusing, and differential diagnosis by this 
means alone is not always possible. The clinical history, preoperative 
and postoperative, and the gross anatomic relations of the tumor must 
always be taken into consideration. In some advanced cases absolute 
differentiation is out of the question. 
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Lipomas are described in the omentum, and are usually benign 
tumors. There is, however, an interesting relationship between these 
growths and a malignant type of fibromyxomatous growths, which has 
been discussed recently in connection with malignant lipomas of the 
thigh by Kellogg Speed.** This relationship may explain some of the 
myxomatous tumors of the omentum. 


CONCLUSIONS 

The great omentum may be the seat of a number of pathologic 
changes resulting in the development of tumor masses which suggest 
primary malignant tumors. It is often involved secondarily in malig- 
nant disease, cancer of the abdominal viscera, but such tumors are 
never primary in the great omentum. Concerning primary malignant 
disease, sarcoma of the omentum, nearly fifty cases have been carefully 
reported and reviewed which must be accepted in this category (von 
Stopelmohr’). I have studied the original reports of ten of these cases 
besides my own, which I believe to be definitely primary sarcoma 
originating in the great omentum. The latter cases were all fatal, either 
at the time of the original observation or subsequently from recurrence. 
In order to classify a given case as a primary sarcoma of the 
omentum, two qualifications must be met: 1. The growth must have 
originated within the omentum. This is clearly demonstrable in cer- 
tain cases discovered early at exploratory laparotomy in which the 
growth is found entirely within the serous layers of the omentum, and 
does not involve any of the adjacent organs. In cases in which the 
growth has become extensive or has developed metastases when first 
discovered, it may be impossible to prove that one is dealing with a 
primary tumor of the omentum. 2. The growth must be proved malig- 
nant. There are two criteria for determining this point: (a) microscopic 
examination and (b) clinical course. The microscopic picture is usually 
definite, and the diagnosis is readily made by any competent pathologist. 
The occurrence of sarcoma is so rare, however, that one hesitates to 
make the diagnosis on the basis of the microscopic picture alone. In 
many cases the histology is so confusing that microscopic differentiation 
is not possible. The usual clinical picture of sarcoma is recurrence or 
extension, in spite of early and relatively wide resection. In the case 
of a localized tumor which has been removed, one would hesitate 
to accept the diagnosis of sarcoma unless the microscopic picture 
was beyond question, or unless there was a history of recurrence. On 
the other hand, in the case of a localized tumor removed and recog- 
nized microscopically as sarcoma, with subsequent recurrence, one is 
forced to diagnose primary sarcoma of the omentum. These are the 
three absolute requirements : localized tumor located within the omentum 
without attachment to other structures; histologically, a sarcoma; a 
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history of recurrence and extension or metastases. Cases meeting these 
criteria must be accepted in this group. No matter how typical the 
histologic picture, the absence of recurrence or metastasis will throw 
some doubt on a diagnosis of sarcoma. 

It would be instructive to apply these criteria to the cases reported in 
the literature and commonly accepted in this classification. This is not 
possible, since many of the original reports are not available. One 
should, however, find three groups. 1. Positive cases: those which 
meet all of the necessary conditions, definitely primary in the omentum, 
definitely sarcoma microscopically and recurrent as sarcoma. 2. Pre- 
sumptive cases: those which include advanced cases in which there 
is some doubt concerning the original focus of disease with extension 
or metastasis to other structures. Many of these undoubtedly were 
primary in the omentum, and in reviewing them, I am dependent on 
the impression of the original observer. In this group should also be 
included some cases in which the tumor is definitely primary in the 
omentum and grossly resembles a malignant growth, but either the 
histology is not definitely that of sarcoma, or the clinical course is 
incompatible with such a diagnosis. 3. Other cases are still more doubt- 
ful and should be excluded. 
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OBSERVATIONS ON THE NATURAL HISTORY 
OF RENAL INFECTIONS * 


HUGH CABOT, M.D. 
ANN ARBOR, MICH. 


The subject of infections of the kidney may be regarded perhaps 
as a thoroughly explored field, and yet I suspect that a great majority 
of capable physicians are still unfamiliar with important facts in this 
field and are likely to regard various stages in the same process as 
different disease entities. It does not seem improper, therefore, to 
discuss the subject further in an attempt to determine whether broad 
generalizations in regard to the origin and course can be deduced from 
the knowledge now at hand. 

I am intentionally excluding from consideration certain large groups 
of cases. Those which are definitely secondary, and which are regarded 
as a natural consequence of other lesions of the urinary tract are not 
considered. In this group belong the infections of the kidney secondary 
to other diseases of the kidney, such as stone and tumor, and infections 
clearly consequent on gross organic obstruction of the lower urinary 
tract. In the latter group-belong the infections caused by urethral 
obstruction, whether from stricture or the prostate. I wish also to 
exclude tuberculosis, since in important particulars it departs in behavior 
from other types of infection and seems sufficiently important to merit 
separate consideration. 

One is tempted to speak of the group now under consideration as 
“primary infections of the kidney,” but perhaps this phrase is mis- 
leading, since it might influence opinion as to the relation of such infec- 
tion to imections in other portions of the body. The group should be 
held to include, however, the infections of the kidney which occur in 
organs assumed to be normal and in which there is no obvious cause 
influencing the development of infection. To this extent they may 
properly be spoken of as “primary.” One may classify the group under 
consideration on the basis of either the bacteriologic or the pathologic 
observations. The latter grouping seems to me most enlightening, par- 
ticularly when one is concerned with the clinical manifestations and is 
interested in the natural history of the process. From the point of 
view of the lesions, these infections may be classified grossly into two 
types: (1) the cortical type and (2) the pyelitic type. It should be 
understood that the lesions are not strictly exclusive, and that they 
grade more or less into each other, but both from pathologic and clinical 
points of view the division is satisfactory and represents groups which 
can be readily separated by the clinician. 


*From The Department of Surgery, University of Michigan. 









































See 











ARCHIVES OF SURGERY 


TYPES OF INFECTION 


Cortical Type—tThis type of infection forms a well defined dis- 
ease entity. In the overwhelming majority of cases, it is produced by 
one of the pus-producing cocci, and Staphylococcus aureus or Staphylo- 
coccus albus wiil be found in large numbers. In many cases it can be 
shown clearly to be secondary to some focus of cutaneous suppuration 
or well defined infection in some other portion of the body; thus, the 
boil, the carbuncle, osteomyelitis and acute coccus infections of the 
upper respiratory tract or of the middle ear are commonly found to 
be related in point of time, and there is every reason to believe that the 
relation is direct. The medical profession in general is most familiar 
with the lesion in its severe form. This is the condition to which 
Brewer called attention in this country many years ago, referring to it 
as the “carbuncle of the kidney,” and is the same lesion later discussed 
by Keyes under the name of “acute focal necrosis.” This is the most 
spectacular manifestation of the lesion, but I strongly suspect that it 
is by no means the most common. If one is interested in this group of 
cases and is therefore looking for them, one will often see patients with 
acute peripheral suppuration, who at some time during or immediately 
after such infection develop pain referable to the region of the kidney, 
definite costovertebral tenderness and fever. If careful examination 
is made of the urine during the first few days after the occurrence of 
these symptoms, cocci identical with those found in the peripheral 
infections may be obtained. It is ordinarily believed, and I think with 
justification, that in these cases the infecting organism occurs in the 
urine chiefly during the early days, then commonly disappears and 
cannot be found again. Experience shows that these patients generally 
do not develop the more severe suppurative lesions of the kidney, but that 
after a longer or shorter period, varying generally between ten days and 
three weeks, the process subsides and the patient recovers completely. 
In this way, I think, are to be explained a good many of the scars so 
commonly seen at autopsy on the surface of otherwise healthy kidneys 
and which clearly are ‘he signs of some infection which never became 
acute. ‘ 

My own experience has led me to believe that this type of coccus 
infection constitutes a large majority of the cases, and that the opinion 
held some years ago that in most of these cases severe destruction of 
the kidney occurred which was likely to require radical operation, is 
probably wrong. With enlarging experience, I have found that the ° 
acute destructive type seems to constitute only a minority of the cases, 
and I believe that these lesions when not too extensive show a great 
tendency to spontaneous recovery. 

There is, however, one manifestation of this type of infection to 
which attention should be called, and that is the probability of the 










































CABOT—RENAL INFECTIONS 





1261 


formation of perinephritic abscess. A study of the literature of 
perinephritic abscess is rather confusing, since in most of the writings 
on the subject there is a tendency to consider all abscesses in the perirenal 
space which are believed to be of renal origin. This classification seems 
misleading to me, since it brings into the group a large number of 
instances in which the perinephritic abscess is simply an expression of 
some outstanding and severe lesion of the kidney, such as renal calculus 
or tuberculosis. In these cases it is better to connect them with the 
primary cause and to regard them as complications caused by calculi 
or tuberculosis, since their management is clearly dependent on the 
underlying cause. If one excludes from these classifications all cases 
in which there are massive lesions of the kidney and all cases of abscesses 
in the perinephritic space which bear no relation to the kidney, such as 
those of bony origin, there remains an interesting and important group 
for which Richardson, ten years ago, suggested the title of “primary.” * 
At that time he collected a series of fifty-nine cases from the records of 
the Massachusetts General Hospital. He separated from this series two 
groups in one of which the lesion was due to a “direct extension from 
a neighboring organ or structure outside the renal fascia.’’ In this 
group he found five cases. He then separated a group of twenty cases 
with “antecedent or predominant lesions of the kidney or urinary 
tract.” There remained a group of thirty-four cases, which he classi- 
fied as “primary.” In many of these he was able to show the co-existence 
of suppuration elsewhere, though in many cases the imperfections of 
the records prevented accurate deduction. Since that time there has 
been increasing evidence in favor of the view that this type of peri- 
nephritic abscess is probably always associated with peripheral infection 
and is closely related to the group of cases described in which there is 
evidence of cortical suppuration in the kidney, and in which recovery 
is often spontaneous. 

The clinic with which I am associated is able to add to his observa- 
tions, twelve cases observed during the last five years. In eight cases 
a staphylococcus was obtained from the urine. It is interesting to 
observe the much greater incidence of this type of infection in men than 
in women. In the thirty-four cases reported by Richardson, thirty- 
three of the patients were men and one was a woman. In the cases 
seen at the clinic, nine of the patients were men and three were women. 
Thus in a carefully separated group of forty-six cases, forty-two of 
the patients were men and four were women. 

This coincides accurately with my observations in regard to the 
tendency to a predominance of men in cases of the cortical type of 


1. Richardson, E. P.: Perinephritic Abscess, Surg. Gynec. Obst. 21:1 (July) 
1915. 
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renal infection. The explanation of this predominance is, I suspect, not 
to be found in the fact of sex, but in the greater frequency of peripheral 
infections in men as compared with women, and it may be related to 
some extent to occupation and trauma. 

The natural history of this infection would thus appear to be 
somewhat as follows: The lesion is generally secondary to a focus of 
suppuration elsewhere, caused by the pus-producing cocci. The infec- 
tion is hematogenous in origin and may perhaps be spoken of as 
“metastatic.” The lesion in its typical form is a group of subcortical 
abscesses, the development of which may give one of three results: 
1. The process may be active and overwhelming, producing myriads of 
abscesses which fuse and cause widespread destruction of the kidney. 
2. The lesion may show a tendency to be self-limited, to confine itself 
to portions of the kidney, and the patient may recover spontaneously. 
3. Some relatively circumscribed group of cortical abscesses may con- 
tinue to develop, break through into perinephritic space and form the 
typical primary perinephritic abscess, recovery following drainage of 
this abscess. It is interesting to note that in a relatively small proportion 
of cases of perinephritic abscesses it becomes necessary to deal with the 
kidney itself. In no small number of them, fever and renal tenderness 
persist, indicating, I believe, further cortical suppuration in the kidney ; 
but in the vast majority of cases, the wound continues to drain, the 
fever finally subsides and study of the function of this kidney shows 
it to be within normal limits. 


The Pyelitic Type—The most common infection of the kidney in 
the groups defined is commonly referred to as “pyelitis,” though it is 
perhaps more accurate to describe all these cases as “pyelonephritis.”’ 
It is a condition which has aroused much interest because of its fre- 
quency, and there is as yet no wide agreement in regard to its history. 
On account of its importance, it seems to me justifiable to “take account 
of stock” periodically to see whether or not any sound deductions can 
be drawn from the many careful observations which have been made 
in this field. 

The Infecting Organism: There has longs been considerable agree- 
ment in the view that bacilli of the colon group are the causative agents 
in the majority of cases. In certain subgroups of this condition, it is 
nearly always the infecting agent. Thus, in the pyelitis of girls it is 
distinctly rare to find any other organism except in the smallest quanti- 
ties. In the pyelitis associated with pregnancy, the colon bacillus is the 
cause in the overwhelming majority of cases. Even if one excludes 
these two groups, I believe that it is true that the colon bacillus may still 
be considered the cause in the majority of cases. In a recent study 
of cases frem a clinic in which the pyelitis of children or of pregnancy 
are rarely seen, and which is therefore a clinic for adults with these 
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groups excluded, an examination by smear and culture of 201 cases 
showed the colon bacillus in 141 cases, or 70.4 per cent, and various 
cocci in 60 cases. Since this is the group about which there is most 
disagreement, one may ccntinue to agree with the statement often made 
that the colon bacillus is obviously the infecting agent in from 70 to 
80 per cent of the cases. 

Sex: There is an important predominance of this type of infection 
in the female, if one considers pyelitis without regard to age. In chil- 
dren, the enormous majority of infections of the kidney of the pyelitic 
type appear in girls; in fact, pyelitis in boys is a curiosity. If the fre- 
quency of pyelitis in association with pregnancy is observed, a large num- 
ber of cases can be obtained from these two groups. The question 
requires a further examination of the evidence of the occurrence of 
pyelitis in the adult not associated with pregnancy. I have reviewed 
clinical records of the last five years in order to study this point, and 
I find that in a clinic which, as already pointed out, does not include 
children nor women during pregnancy nor the puerperium, there are 
careful records of 259 cases. Of these patients, 178 were women and 
81 were men, showing that 68.7 per cent of the cases occurred in 
women. 


The striking predominance of women in this group of cases cannot, 
I think, be regarded as accidental, and must be of interest to any one who 


explores this field in an attempt to account for the development of this 
condition. 


THEORIES OF ORIGIN 


The Theory of Ascending Infection.—For a long time, even to the 
present day, the theory of ascending infection has held sway. This 
theory received its most important impetus in the attempted expla- 
nation of the etiology of pyelitis in girls. Here the anatomic facts of 
the conformation of the urethra and its obvious exposure to contami- 
nation with intestinal discharges formed an easy explanation. If this 
explanation is to be regarded as sound, it should be shown to be applicable 
not only to the pyelitis of childhood, but to pyelitis in general, and it 
must be definitely shown that the process does ascend, which requires 
clear demonstration of the existence of cystitis at a period immediately 
antedating the development of pyelitis. Neither of these conditions has 
been satisfied by the proponents of this view. There is no evidence to 
show that cystitis in girls antedates pyelitis, and there is overwhelming 
evidence to show that it does not. An objection to the explanation 
based on anatomic conformation is found in the fact that a not incon- 
siderable number of pyelitic infections of precisely the same type occur 
in men. It seems clear to me that any attempt to explain this infec- 
tion as one progressively ascending from the urethra to the kidney 
must be abandoned and other determining factors sought as a basis. 
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Theory of Distant Foct.—The growing appreciation of the impor- 
tance of focci in various parts of the body as factors in the production 
of disease in distant parts has naturally entitled this theory to considera- 
tion as an essential factor in the production of pyelitis. The foci to 
which most attention has been attracted are infections of the upper 
respiratory tract, including the middle ear in children, and in adults 
infections of the teeth or tonsils, which have been shown to have impor- 
tant relation to other conditions of disease. Other possible foci less 
frequently considered are those in the gallbladder, appendix or prostate. 
In order to give this theory high rank in the scale of probabilities, I 
think it is necessary to show that a causal relation, or at least a possible 
connection, can be demonstrated in a considerable proportion of the cases 
belonging to what one might call the three subdivisions of the field: 
the pyelitis of children, the pyelitis associated with pregnancy and the 
pyelitis not so associated in adults. 

In pyelitis in children there appeared to be an interesting association 
in the fact that pyelitis is not uncommonly seen in relation to acute 
infections of the upper respiratory tract as previously defined. The 
great objection to the acceptance of this view is the fact that the organism 
producing the infection which is alleged to have a causal relation is 
practically never the same as that found in the urine. A careful study 
of this question was made by Helmholz and Milliken. They studied 
the question with a view to determining whether the organisms obtained 
from the urine and those from the throats and ears of these children 
showed any tendency to localize in the kidneys of experimental animals. 
Their conclusion was that there is no evident causal relation between 
the infection of the upper respiratory tract and the infection of the 
kidney. One may, of course, in this case fall back on the assumption 
of “lowered resistance,” but this appears to be rather shadowy. 

In the pyelitis of pregnancy, it would be necessary to show that 
women were more likely to have foci when pregnant than at other times. 
Finally, it would appear necessary to demonstrate that in persons in 
whom foci of infection were common, pyelitis was also common. This 
would, I think, require evidence that pyelitis was a common disease 
among people in whom neglect of the teeth and catarrhal infections of 
the upper respiratory tract are common. Evidence in support of this 
view is lacking. For instance, pyelitis should be exceedingly common 
in the lower classes in Great Britain and Ireland in whom carious teeth 
are common. Such a coincidence has not been demonstrated. 

I think, therefore, that it is necessary to discard the doctrine of focal 
infection as an important etiologic factor in the production of pyelitis. It 


2. Helmholz, Henry F., and Milliken, Frances: The Relation of Infections of 
the Upper Respiratory Tract to Pyelitis, J. A. M. A. 81:1160 (Oct. 6) 1923. 
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is not necessary, however, to go so far as to maintain that foci of infec- 
tion may be entirely disregarded in relation to this condition. These foci 
are obviously objectionable. They may easily influence general condi- 
tions and, without promoting disease, may retard recovery. A physician 
should not, however, hold out to patients the hope that discovery of a 
definite focus in a tooth or a tonsil will, on its removal, be followed 
by cure of pyelitis. 

The Doctrine of the Prepared Soil—Since I have thus adjudged 
views put forward in regard to the etiology of this condition as being 
insufficient to explain the process, it is obviously proper that I should 
give some theory of my own which may at least form the butt for 
criticism. The medical profession should be interested in an attempt 
to explain the natural history of pyelitis by accumulated evidence in 
regard to the etiology of infection in other portions of the urinary tract. 
We have been in a position to study accurately the conditions essential 
to infection of the urinary bladder. From these studies, which have 
been carried on by many observers and in many countries, the following 
conclusions have appeared: 1. The introduction of bacteria alone is not 
sufficient to cause infection of the healthy bladder. 2. The introduction 
of bacteria associated with moderate trauma will not produce infection. 
3. The production of urinary retention with subsequent relief of that 
retention is the single essential prerequisite to the production of cystitis. 
It may even be added that in many instances overdistention and release 
will be followed by cystitis in casés in which there is the strongest 
evidence that bacteria have not been introduced accidentally. 

It seems proper, therefore, to suggest that this same factor may be 
of importance in the development of infections of the upper urinary 
tract. This basis for infection of the bladder I have previously referred 
to as “The Doctrine of the Prepared Soil,” * and it seems to me at least 
arguable that the same doctrine may be applicable to the bothersome 
question of the etiology of pyelitis. It involves the assumption that as an 
antecedent to such an infection some abnormal degree of renal or 
ureteral retention exists. If this doctrine is to be taken seriously, it 
must be shown to fit in with the facts of the disease as they are known. 
The outstanding fact is the greater frequency of pyelitis in women; 
therefore, the question arises whether or not conditions likely to pro- 
duce renal or ureteral retention are more common in women. There 
should be, I think, no great difficulty in agreeing that the conditions likely 
to produce renal retention are considerably more likely to be present in 
women than in men. Thus the conditions giving rise to visceral ptosis 
are notably more common in women, and such ptosis is likely to affect 


3. Cabot, Hugh: The Doctrine of the Prepared Soil, Canad. M. A. J. 11:610 
(Sept.) 1921. 





1266 ARCHIVES OF SURGERY 


the urinary tract, particularly on the right side. Conditions favoring 
renal retention are likely to occur in association with pregnancy. The 
view may also be accepted that in men conditions favoring renal reten- 
tion would be likely to occur less often than in women, but sufficiently 
often to form a basis for infection. The difficulty will come in applying 
this doctrine to the notoriously frequent occurrence of pyelitis in girls. 
The occurrence of the disease in girls has, of course, been the stumbling 
block in every attempt to explain pyelitis, and it must be confessed that 
at present there is no demonstrable basis for the assertion that renal 
retention is overwhelmingly more common in girls than in boys. On 
the other hand, it is true that there is relatively little evidence in regard 
to the less obvious conditions of the urinary tract in children as com- 
pared with adults. The advent of the cystoscope and ureter catheter 
has given a broadening knowledge of the upper urinary tract both in 
health and disease, but mechanical difficulties have delayed this investi- 
gation in children, and consequently knowledge of the condition of the 
upper urinary tract in children is not at all complete. Recent evi- 
dence has tended to show that in cases of pyelitis in children who do not 
recover within a reasonable period, there is generally some gross 
mechanical deformity. Thus in a recent publication, Richard Smith * 
demonstrated an interesting group of cases of chronic pyelitis in children 
associated with anomalies of development of varying degree or dilatation 
of the ureter and of the renal pelvis. It is not yet possible to speak 
with any assurance of the fundamental basis of these dilatations of the 
ureter which are found in chronic cases, since they may obviously be 
regarded as either a cause or an effect. It is conceivable that the dilata- 
tions which are thus found are the result of a chronic infiltration of the 
ureter and pelvis from an infection starting in a normal kidney. It is, 
however, probably true that relatively small degrees of ureteral abnor- 
mality would be sufficient to cause retention and start the train which 
leads to infection and, still further, to dilatation. 


4. Smith, Richard: Roentgen-Ray Examination in Diseases of Children, 
Am. J. Dis. Child. 28:678 (Dec.) 1924. 








PELVIC ABSCESS IN THE MALE 


SAMUEL KLEINBERG, M.D. 
NEW YORK 


Retroperitoneal pelvic abscess in the male is apparently a rare and 
certainly a very unusual condition. A review of the literature shows 
that there are only eleven cases thus far recorded, my patient making a 
total of twelve. From a discussion of the subject with some of my 
colleagues I am inclined to think that pelvic abscess in the male occurs 
more frequently than we now believe but often passes undiagnosed. 
Cases terminating fatally and those recovering but in which the lesion 
was obscure are not reported. We are here not considering pelvic 
abscess complicating such diseases as appendicitis, cystitis, prostatitis, 
seminal vesiculitis and so forth, but only that which occurs as an isolated 
or metastatic retroperitoneal infection not related to an abdominal lesion. 
In most of the reported cases of pelvic abscess in the male there was 
great difficulty in establishing an exact diagnosis because of the indefi- 
niteness of the symptoms. In some a spontaneous rupture of the 
abscess externally, or into the rectum, was the first objective evidence 
of the real nature of the disturbance. Yet there is a fairly constant 
group of symptoms which, while not pathognomonic, is strongly sug- 
gestive of a pelvic infection. To this I will call attention later in this 
article. 

REPORT OF CASE 

A structural iron worker, aged 32, fell about 25 feet. He became unconscious 
and was immediately taken to a hospital. When he regained consciousness several 
hours later he complained of pain in the left groin. A diagnosis of fracture of 
the pelvis was made. Three days later he was transferred to the New York 
Hospital for, Ruptured and Crippled and placed in my care. The man was at 
this time in good condition. He complained of mild pain in the left groin and 
hip, and because of this discomfort he was unable to walk or lift the left leg 
from the bed. He had some minor injuries about the face and a fracture of the 
left pubic bone. The roentgenograms showed a fracture of the ascending and 
descending rami of the os pubis. There was no great amount of displacement of 
the fragments and only slight distortion of the pelvis. The rest of the physical 
examination was negative. There was no blood or pus in the urine, no difficulty 
with either micturition or defecation and no symptoms or signs referable to the 
abdomen, back or the extremities. A circular plaster-of-paris pelvic girdle was 
applied for support, and the patient was kept in bed. The patient was entirely 


comfortable, and we thought we were dealing with an ordinary case of fracture 
of the pelvis which usually heals very kindly. 

Three days later, that is, on the sixth day after his accident, the patient’s 
temperature suddenly rose to 104.5; he complained of feeling exceedingly miser- 
able, but did not have pair in any special region. An examination several hours 
after the onset of fever was negative. Particular attention was directed to the 
abdomen, which wzs slightly distended, but was soft and not tender. Later in 
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the day the abdomen became markedly distended and generally tender, but there 
was no rigidity and no localization of any lesion. This was concurred in by a 
number of physicians called in consultation. An enema resulted in a large move- 
ment but the distention was not relieved, and this in retrospect is significant. 
During the next four days the temperature receded to 100, but the patient looked 
and felt very sick. He had very painful tenesmus, and continued to suffer from 
marked abdominal distention and general tenderness, but he had no rigidity. His 
blood showed a moderate leukocytosis. Repeated examinations and consultations 
did not clarify the diagnosis. An infected pelvic hematoma was thought of but, 
on account of the fall in temperature, the diagnosis was uncertain. Moreover, 
there was no indication of pointing of an abscess, and had we been sure that 
there was pus, it would have been difficult to determine its exact location and 
where drainage should be established. 

An examination of the stool at this time, the fourth day of fever, showed 
some amebae. It could not be determined whether these were pathologic. But 
since this man some years previously while a sailor had had an attack of amebic 
dysentery, it was thought possible that he was having a relapse of this disease. 
Appropriate treatment with emetine was instituted but was ineffective. The 
symptoms at this time were very confusing to all in attendance. The patient had 
a low temperature, a moderate leukocytosis with 80 per cent polymorphonuclears, 
abdominal distention, soreness and tenesmus. He continued to look and feel very 
sick. 

Four days later, that is, eight after the onset of fever and fourteen days after 
the accident, he suddenly passed a large quantity of pus in the stool. His tem- 
perature promptly dropped to normal and he immediately felt complete relief. 
The temperature has remained normal ever since, and the patient has improved 
steadily. The abdominal distention persisted for about a week. The pus con- 
tinued in the stool for about two weeks, but in diminishing amount. Several 
recent examinations showed no pus in the stool. The patient is now, May 15, 
1926, three months after the injury, walking about and apparently well. 






























_ The appearance of the pus in the stool with the simultaneous reces- 
sion of the fever and the immediate improvement in all the symptoms 
established the diagnosis. This man evidently had a pelvic retro- 
peritoneal hematoma resulting from the fracture of the left pubic bone. 
The hematoma became infected and the abscess ultimately ruptured 
into the rectum. The subsequent course indicates that the abscess has 
entirely disappeared, and that the wound in the rectum is probably 
healed. How the hematoma became infected, that is, whether through 
the blood stream or by proximity to the intestines, is a matter for 
speculation. So far no evidence has been adduced in my case, nor in 
any of the others, to decide the exact process of bacterial invasion. 

It is interesting, too, to speculate on the cause of the very marked, 
persistent and distressing abdominal distention which in my case and 
all the others appeared as a prominent symptom. It has been sug- 
gested that the distention is of nervous origin. I assume this means of 
sympathetic nervous origin. The lesion is, of course, so close to the 
lumbar and sacral sympathetic ganglions that it is very likely that these 
organs are irritated by the inflammation. Weight is added to this theory 
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by the experience in my case that the distention did not disappear as 
soon as the abscess evacuated into the bowel, but about a week later, 
that is, as soon as the paraproctitis and pelvic inflammation subsided. 

A review of the recorded histories and the course in this case show 
that there is a certain sameness in the symptomatology which ought to 
make us think, in circumstances in which a pelvic condition is likely, of 
a retroperitoneal abscess. All the patients had fever and a moderately 
high leukocyte count, indicating the presence of pus somewhere. The 
symptoms were all referred to the abdomen and there were no symptoms 
in any other part of the body; this limited the pathologic condition to 
a lesion in or near the abdomen. 

All the patients had abdominal distention, pain and general tender- 
ness, but no rigidity. The distention was always marked and could not 
be relieved by any of the known measures, and it was present even in 
cases like mine in which there were frequent bowel movements. Most 
of the patients suffered from tenesmus and some had vomiting. These 
symptoms were so constantly grouped together that we must consider 
them evidences of pelvic infection. 

The associated symptoms and the history are of great importance 
in the diagnosis. In seven of the twelve cases (58 per cent) there was a 
history of an injury at the pelvis or about the hips. In these cases there 
very likely was a hematoma, which subsequently became infected. A 
history of an injury should, therefore, lead us to suspect the possibility 
of an abscess. In three cases there was a general infection in the course 
of which there was a localization of symptoms in the pelvis due evidently 
to a metastasis. The tenesmus which was of frequent occurrence indi- 
cates the presence of a proctitis or pararectal irritation, and it also sug- 
gests the possibility of a pelvic infection. In one or two cases there was 
a flexion of the thigh which immediately makes one think of a collection 
of fluid in the iliac fossa and possibly lower down in the pelvis. In 
one case in which an operation for appendicitis was performed a pelvic 
abscess due to infected and broken down retroperitoneal glands was 
found. 

Reference to the table shows that a pelvic abscess has been seen at 
all ages, from 3 to 64 years, but at least half the patients were in the 
third or fourth decades. In five cases a fluctuating mass ultimately 
appeared in the groin; this simplified the problem of where to operate. 
The acute cases tend to evacuate themselves into the rectum, bladder 
or peritoneum. The most favorable location is into the rectum. There 
were three cases (25 per cent) of spontaneous emptying of the abscess 
into the rectum. The most serious cases are those in which there is a 
general infection. In this series of twelve cases there were three with 
a general infection and suppuration ; all these patients died from exhaus- 
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tion. There was another death of a man who had had symptoms for 
four weeks. The abscess ruptured into the rectum; suppuration con- 
tinued and the patient died of exhaustion. In one case treatment was 
refused and the result is not known. In seven cases there was a com- 
plete cure. In five of these seven there was a definite injury and in one 
of the remaining two cases the course is unknown. Thus the most 
favorable type of case is the acute pelvic abscess following an injury. 

It is worthy of comment at this point that the incidence of pelvic 
infection in pelvic fractures is exceedingly small. The case I am report- 
ing is the only one I have seen among many dozens of cases of injury 


Analysis of Twelve Cases of Pelvic Abscess in the Male 








Spontaneous 
Case Author Age Cause Duration Operation Tumor Rupture Result 


1 Bowditch 25 Injury 4 weeks No Abscess in Into Death 
left groin rectum 


2 Burehard 40 General 10 days Into Death 


infection rectum 
3 Burehard 32 General Into Death 
infection thigh 
Burchard 17 Injury 1 month Cure 


Burehard Aduit........... 2 years ? 
refused 
Burehard 2 Injury 2% years Yes 
Rodman Injury 3 weeks Yes 
left groin 
Thomas E Unknown Several ‘ Mass in left 
years iliae fossa 
Speese Injury 4 days ‘ Abscess in 
left groin 


Nielson General! Mass in left 
infection 
Rosenblum { ? 


and Bettman 


drainage 


Into 
rectum 


Kleinberg 32 Injury 





to the pelvic bones. Many of the industrial surgeons I have spoken to 
have not seen any case of. pelvic abscess. 
that some instances of pelvic infection have been overlooked, its occur- 
rence in fractures of the pelvis is undoubtedly infrequent. 


So that even if we assume 


CONCLUSION 


The conclusion we drew from a study of the symptomatology anc 
etiology as described here is that when abdominal pain, persistent and 
marked distention and tenderness with fever and a leukocytosis but no 
localized abdominal rigidity occur after an injury of the abdomen, back, 
pelvis or hips, or in the course of a general infection, and there are 
no distinguishing symptoms or signs of a very definite lesion, these 


evidences must be considered as being due to an accumulation of pus 
in the pelvis. 
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SURGERY AND DISEASES OF THE NERVOUS SYSTEM 


Sympathetic Ganglionectomy and FPerivascular Neurectomy.— 
Adson ** reports an operation which consists of bilateral lumbar sympa- 
thetic ganglionectomy,-in conjunction with the removal of the sympa- 
thetic trunks from above the level of the second lumbar to below the 
level of the fourth lumbar sympathetic ganglion, with division of all the 
gray rami, and perivascular sympathetic neurectomy of the common 
iliac arteries, in order to interrupt all stimuli passing over the sympa- 
thetic nerves to the vessels of the lower extremity. Brown, in reporting 
the results of Adson’s work, says that in the cases of spastic paraplegia 
and Raynaud’s disease in which organic disease of the vessels was 
absent, there was clinical evidence of increased flow of blood and absence 
of sweating in the feet. Calorimetric studies following operation revealed 
increases in the rate of elimination of heat from the feet. The superficia: 
temperature was definitely increased as determined by the use of a 
thermocouple. The duration of the vasodilatation cannot be stated, as the 
observation periods have not exceeded sixteen months. Similar opera- 
tions in thrombo-angiitis obliterans were followed by vasodilatation. 
The feet were warmer, and sweating was absent. Calorimetric studies 
showed increased rates of elimination of heat and increased superficial 
temperature of the feet, although the results were not as uniform as 
those obtained in Raynaud’s disease. Pain was completely relieved for 
the period of postoperative observation, and healing of trophic ulcers 
occurred in all cases. The blood pressure was not significantly changed. 


44. Adson, A. W.: Ann. Clin. Med. 5:161 (Aug.) 1926. 
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Seven cases of spastic paraplegia, three cases of Raynaud's disease and 
four cases of thrombo-angiitis obliterans were included in this report. 

Arthropathy in Syringomyelia——Ayer *° reports the case of a man, 
aged 45, who complained of trouble with the left shoulder and inability 
to raise the arm above the head. On physical and roentgen-ray exami- 
nation, there was revealed a well marked neuropathic joint. There was 
no evidence of tabes. Neurologic examination showed definite disso- 
ciation of sensation, leading to the diagnosis of syringomyelia. The 
interesting feature of the case was the fact that the arthropathy was the 
earliest symptom of the disease. 

[Ep. Note.—The fact should be emphasized that Charcot joints 
occur with great frequency in syringomyelia. In fact, the incidence is 
much higher than in tabes, although the disease itself is less common. 
The finding of a Charcot joint with no evidence of tabes should of itself 
point strongly to syringomyelia. | 


SURGICAL OPERATIONS ON TENDONS, BONES AND JOINTS 
Operative Treatment of Congenital Torticollis——Silver ** describes 
the method of operative treatment of congenital torticollis which has 
been used in his clinic for the past eight to ten years. The feature of 
the operation on which most stress is laid is the excision of one-half 
to three-quarters inches (1.27 to 1.9 cm.) of the sternal and clavicular 


heads of the sternocleidomastoid muscle. He insists on the necessity of 
careful hemostasis and of a postoperative compression dressing. ,No 
corrective apparatus is used. Corrective exercises are started as soon as 
the incision is sufficiently healed. There have been no failures in any of 
their cases, although the series included one patient who was 17 years 
of age at the time of the operation. 


[Ep. Note.—We believe there is an element of danger in Silver’s 
opinion that postoperative retention apparatus is unnecessary in these 
cases, especially for those less conversant with treatment by exercise than 
he. We have found it necessary in order to prevent recurrence to fix 
the neck in a position of overcorrection for a considerable period before 
starting exercises. | 

Operative Treatment of Spastic Torticollis—Foerster ** considers 
the intradural excision of both the anterior and posterior roots of the 
first, second, third and fourth cervical nerves as the surest and safest 
operation for the relief of spastic torticollis. Operations on the muscles 
are of only temporary benefit, and the extraspinal resection of the nerves 
is difficult and dangerous. Foerster has performed the intraspinal divi- 


45. Ayer, J. B.: Boston M. & S. J. 195:282 (Aug. 5) 1926. 
46. Silver, D.: J. Bone & Joint Surg. 8:489 (July) 1926. 
47. Foerster, O.: Zentralbl. f. Chir. 53:2804, 1926. 
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sion in four cases. Three of these are far enough along to be considered 
end-results, and all are satisfactory. In the fourth case the time since 
the operation is too short, but the improvement thus far obtained is 
excellent. In the discussion of Foerster’s paper, Bielschowsky called 
attention to the not uncommon occurrence of torticollis caused by a dis- 
turbance in the balance of the oblique muscles of the eye. This form of 
torticollis begins in early life when the child is being disturbed by doubie 
vision. By inclining the head to one side, the weak superior oblique 
muscles are relieved of strain, and binocular vision is reestablished. 
Bielschowsky stated that he had seen about twenty cases in which the 
patients had received prolonged orthopedic treatment without relief until 
the correct diagnosis was made. The rational form of treatment in 
such cases is operative reinforcement of the oblique muscles of the eyes. 

Experience with Sauerbruch’s Turnover Plastic of the Leg.—tina 
former “Report of Progress in Orthopedic Surgery” was given the 
abstract of an article describing an operation devised by Sauerbruch to 
replace the femur excised for giant cell tumor by the tibia from the lower 
part of the leg on the same side. The supply of blood in the tibia was 
not disturbed, the bone being turned upward so that the malleolar end 
rested in the acetabulum. 

Krampf ** now publishes the results in the four cases in which this 
operation has been performed. In two cases the hip joint was spared, 
and the tibia was merely grafted into the upper fragment. In the two 
other cases, in which the entire femur was excised, including the neck 
and head, remarkable functional results were obtained. In one of these 
cases the turned-over end of the tibia became displaced without disturbing 
the functional result a great deal; in the other, the end of the tibia which 
had been placed in the acetabulum was gradually transformed in. shape 
until it came to resemble somewhat the head of the femur. 

[Ep. Note.—We doubt the advisability of such extensive reconstruc- 
tive surgery as this.] 

Transplantation of the Tensor Fasciae Femoris into the Quadriceps. 
—Forbes ** discusses the possibility of transforming the tensor fasciae 
femoris muscle from a knee flexor into a knee extensor by transplanting 
the iliotibial band into the quadriceps tendon. He reports one success- 
ful result from this operation. 

Technic of Equalizing Length of Legs.—Ritter ®° is convinced 
that in poliomyelitis equalization of the length of the legs is better 
obtained by shortening of the sound leg than by lengthening of the 
affected leg. The shorter leg, with small frail bones, offers poor sur- 


48. Krampf, F.: Deutsche Ztschr. f. Chir. 196:246, 1926. 
49. Forbes, A. M.: J. Bone & Joint Surg. 8:589 (July) 1926. 
50. Ritter, R. O.: Surg. Gynec. Obst. 43:93 (July) 1926. 
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gical material, and weight-bearing may not be allowed for a year after 
the operation of lengthening. A sound femur, on the other hand, may 
be shortened and be useful in three months. He employs the following 
technic. After the paralytic leg has been made as long as possible by 
correction of any contraction, a section long enough to equalize the legs 
is removed from the normal femur. An intramedullary peg of beef bone 
is then inserted to hold the fragments in alinement, and it is fixed by 
pins of beef bone passed transversely through it and the cortex. The 
muscles shorten and adapt themselves to the new functional require- 
ments. The chief risk is from the formation of hematoma in the loose 
tissue, which is liable to infection, and this must be watched carefully. 


Fixation of the Crucial Ligaments in the Knee.—Perthes ™ reports 
eight cases of operation to restore ruptured crucial ligaments in the knee 
joint. He has employed a patella-splitting incision to expose the interior 
of the joint. Then, according to the point of rupture of the ligament, a 
hole is drilled through the condyle of the femur or the tuberosity of the 
tibia, and through this hole is passed a piece of aluminum bronze wire, 
which is looped through the end of the ligament and tied. “The wire is 
then pulled taut and fixed outside the bone. It has been a matter of 
general opinion that a torn crucial ligament atrophies and even ‘<p- 
pears, but this has not been borne out by Perthes’ experience. In u se 
of seven years’ duration he has found the ligament still strong and 
suturable. In seven cases the ligament was avulsed from the femur, 
and in one from the tibia. In three cases both ligaments were ruptured. 

[Ep. Note.—We believe that fascia provides better material for 
suture in such cases than wire. ] 


Reconstruction of the Patella—vValdini*? reports an experimental 
and clinical study of the reconstruction of the patella, saying that as 
greater refinements in diagnosis are made possible, removal of the 
patella will be performed more frequently and the question of its recon- 
struction will arise more often. The operation must fulfil certain 
requirements. 1. It must reestablish the continuity between the quadri- 
ceps tendon and the patellar ligament and maintain unchanged the dis- 
tance between the insertion of the quadriceps and the tibial tuberosity 
so that flexion will be possible. 2. It must restore the anatomy as 
nearly as possible so that there will be normal extensor function. The 
author considers that Dalla Vedova’s plastic operation fulfils these 
requirements. In this operation the patella is removed extraperiosteally. 
A tongue of the quadriceps tendon, with the base inferior, is next turned 
down and sutured to the proximal extremity of the patellar tendon and 
its margins. Then an oval graft, 4 by 3 by 1 cm. in thickness, is taken 


51. Perthes, G.: Zentralbl. f. Chir. 53:866, 1926. 
52. Valdini, P.: Policlinico 33:419 (Aug. 15) 1926. 
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from the upper part of the inner surface of the tibia. From the 
patellar ligament a tongue is made with its base superior and turned 
upward and sutured to the quadriceps tendon and its extensions, thus 
forming a pocket into which the bone graft is introduced. /It is placed 
with its periosteal surface anterior and its long axis transverse. The 
pocket is then closed with interrupted sutures of catgut, and the skin is 
closed. The limb is then immobilized in a plaster of Paris cast which 
includes the pelvis. 

[Ep. Note.—We question the necessity of replacing the patella after 
its excision. Restoration of the continuity of the quadriceps tendon and 
patellar ligament is alone required. ] 


Correction of Bony Deformity by Splintering of the Bone.— 
Kirschner ** gives a report of the experience of his clinic with the 
morcellation method of correcting bony deformities. By this method 
the bone over the entire extent of the deformity is cut up into small 
splinters with a chisel, the cutting being done in the longitudinal and 
oblique direction. As soon as correction can be obtained the wound is 
closed and the limb fixed either by a plaster cast or by nail extension. 
Thus far the operation has been employed in ninety-six cases, with 
satisfactory results. Kirschner does not believe that the danger of fat 
embolism is great and has not seen any case in which dangerous symp- 
toms were noted. He considers the risk of infection no greater than 
with any other corrective operation and less than in those operations 
in which a fragment of bone is removed and replaced. The time 
required for union to form is no greater and in many cases is less 
than with simple osteotomy. 


Fate of Bone Wedge Implant.—In a case in which a wedge of bone 
had been implanted in the astragalus by Putti four years before to limit 
dorsal flexion of the foot, an astragalectomy was performed, and 
Faldini ** was able to recover the specimen and to study the implant. 
While no new articular cartilage had been formed, the graft itself had 
become to all intents a part of the astragalus and had increased in size. 
The failure of the first operation was due either to too small size of the 
graft or to some other technical error, but was not the result of any 
defect in the general plan of the operation. 


Plastic Surgery of the Os Calcis—Schmidt ** describes a method for 
the reconstruction of the os calcis after the excision of that bone for 
neoplasm. A graft was taken from the crest of the ilium, including the 
anterior superior spine, and was transplanted into the defect, the anterior 
superior spine being made to serve as a substitute for the tuberosity. 


53. Kirschner, M.: Med. Klin. 22:1836, 1926. 
54. Faldini, G.: Chir. d. org. di movimento 10:357 (April) 1926. 
55. Schmidt, J. E.: Arch. f. klin. Chir. 14, no. 2,-1926. 
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The achilles tendon was fastened to a periosteal flap from the graft. 
After ten months the bone was transformed so as to resemble the shape 
oi the heel. The functional result was excellent, the man working as 
a farm hand. 


Juxtacapital Resection of the First Phalanx for Hammer Toe.— 
Bragard ** objects to the operations for the relief of hammer toe in 
which the proximal or distal end of the first phalanx is resected. He 
states that the experience at Lange’s clinic has shown that incongruence 
of the joint surfaces results, leading to the development of a painful 
arthritis. He recommends as a better method the resection of a piece 
1 cm. long from the middle of the first phalanx. This eliminates the 
contracture of the joint by permitting elongation of the tendons. 





|Ep. Note.—Some of the editors have had a long experience with | 
Goldthwait’s operation, in which the distal half of the proximal phalanx | 
of the toe is resected. They have found it a simple and successful | 
procedure. The bad results which Bragard criticizes would appear to | 
have been due to the removal of too little bone. In the operation which 
he describes the necessity of securing bony union and of maintaining 
alinement seems to introduce an element of uncertainty which is entirely 
lacking in the operation of resection of the head. ] 


FRACTURES 


Management of More Common Fractures.—Allen,” discussing the 
management of the more common fractures, emphasizes the following 
points: 1. Fractures should receive the serious consideration of every 
surgeon who assumes the responsibility of handling them. The pitfalls 
are many, and the results are often disappointing. The sins of com- 
mission are frequently more dangerous than those of omission. 2. Take 
into account from the beginning the patient’s occupation and strive to 
restore him to the economic world. Do not get lost in the maze of 
treating the bone alone, but treat the patient. The functional result is 
more important than the anatomic. 3. Free the adjacent joints as ‘| 
early as possible. More dysfunction comes from stiff joints than from 
the broken bone itself. Active motion and function are the most 
important physiotherapeutic measures. | 





Calcium and Phosphorus Metabolism in Fractures of Bone— 
Ravdin and Jonas have attempted to evaluate the part played by 
calcium and phosphorus in normal and abnormal ossification. They 
have studied nineteen cases from this point of view. They have 
attempted to show that the absorption, excretion and utilization of 





56. Bragard, K.: Ztschr. f. orthop. Chir. 47:283, 1926. 
57. Allen, A. W.: Boston M. & S. J. 195:299 (Aug. 12) 1926. 
58. Ravdin, I. S., and Jonas, L.: Ann. Surg. 84:37 (July) 1926. 
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calcium and phosphorus are not simple problems but highly technical 
ones. The mere addition of these substances to the diet in the routine 
case is probably useless. In certain cases deficient retention and fixation 
of calcium and phosphorus may result in nonunion, but this cannot be 
foretold from blood serum estimations. 


Fixation of Bone Fragments by Wire Suture.—Pollidori ** reports 
a rather ingenious method of suturing fractured bones with wire. His 
method is to drill through each fragment about 1 cm. from the fractured 
end, the drill holes being parallel. He then introduces a wire into the 
hole in one fragment on the side nearest to himself, carries it through 
to the other side of that fragment, and then brings it back over the 
top of the fragments. He then introduces another wire by the same 
processes, except that in bringing it back to carry it through the hole 
in the second fragment, it is brought back on the under side of the 
fragment. In this way he has a cross-suture of wiring on two sides of 
the fragments, and when they are tightened, which he is careful to do 
simultaneously, he has an approximation of the fragments, sufficiently 
secure to hold them in good position unless there is considerable tension 
on them from strong muscles. 

Fractures of the Surgical Neck and Epiphyscal Separations of the 
Upper End of the Humerus.—Conwell® feels that fractures of the 
surgical neck and epiphyseal separations at the upper end of the 
humerus, if accompanied by much displacement, constitute real but not 
insoluble problems. This type of injury presents great difficulty in 
reduction, a fact which is not sufficiently stressed in the literature. 
Reduction under an anesthetic with the aid of the fluoroscope should 
always be attempted before open reduction is resorted to. The patient 
should be treated in bed with traction; in the epiphyseal separations 
with the shoulder in the position of right angle abduction and 90 degrees 
external rotation; in fractures of the surgical neck with the shoulder 
at 45 degrees abduction and 90 degrees external rotation. An abduction 
splint is used when the patient can be allowed to be up. If open reduc- 
tion is necessary, foreign material should not be used for fixation ; proper 
reduction and continuous traction is all that is necessary. All splints 
should be removed as early as possible in favor of active and passive 
motion and various forms of physiotherapy. 

Pinning Fractured Ulnar Styloid Process in Colles’ Fracture — 
Hathaway ® advises pinning of the ulnar styloid in cases of Colles’ 
fracture, in which after reduction of the radial fracture, the ulnar 
styloid still remains separated. An ordinary straight bayonet-shaped 


59. Pollidori, A.: Chir. d. org. di movimento 10:577 (July) 1926. 
60. Conwell, H. E.: J. Bone & Joint Surg. 8:508 (July) 1926 
61. Hathaway, F. J.: Brit. M. J. 2:59 (July 10) 1926. 
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needle is used for the pin. The author feels that pain and weakness 
persisting for months after a Colles’ fracture is often the result of a - 
failure to secure approximation of a separated ulnar styloid process. 


[Ep. Note.—The editors believe that accurate reduction of the 
radial fragment automatically brings about approximation of the sepa- 
rated styloid of the ulna in a Colles’ fracture. Separation of the ulnar 
fragment points to a failure to obtain reduction. Efforts should be con- 
centrated on correcting the radial deformity in order to obtain good 
results. Pinning the ulnar styloid may prove useful in certain compli- 
cated cases. | 


Bone Pegging Operations in Fractures of the Neck of the Femur.— 
Lexer,®* who claims to have been the first to employ a bone peg graft 
for the fixation of the fragments in a fracture of the neck of the femur, 
in a manner similar to that which was later described by Albee, states 
that he has largely given up this method because of the fracture and 
absorption of the graft. He has found it impossible to approximate the 
fragments so closely that the peg does not have to bridge over a gap. 
The nutrition of the graft is poor in any case, and especially in the 
central type of fracture, in which the head is devoid of blood supply. 
Unless exact adaptation is obtained, connective tissue grows into the 
gap and leads to the absorption of the graft. The conditions are similar 
to those in the pegging operation on the ankle joint—Lexer’s method. 
The frequent absorption in such cases, the author points out, is not 
caused by the synovia, but by connective tissue. In the ankle joint, the 
periosteum offers a considerable protection against this ingrowth, but 
in the neck of the femur the conditions are much less favorable. Lexer 
objects to the publication of results of bone pegging operations on the 
neck of the femur which do not give exact data on the site of the frac- 
ture. Lateral fractures of the neck of the femur may heal well with the 
peg, but they would heal equally well without it, if the fragments were 
brought into proper position. He considers that the operation is indi- 
cated only under the following conditions: (1) in lateral fractures 
when the adaptation of the fragments is unsatisfactory, but only after 
freshening of the surfaces of the fragments; (2) in cases of severe 
coxa vara. In such cases he advises an incomplete osteotomy of the 
neck, followed by possible abduction and internal rotation of the leg 
and fixation of the fragments with a bone peg. 


[Ep. Note.—Henderson has recently published figures which show 
successful results in 75 per cent of a series of cases of ununited fractures 
of the hip operated on by the bone pegging method. (See Thirty First 
Report of Progress in Orthopedic Surgery **). 


62. Lexer, E.: Deutsche med. Wchnschr. 52:1115 (July 2) 1926. 
63. Wilson, P. D., and others: Thirty-first Report of Progress in Orthopedic 
Surgery, Arch. Surg. 14:150 (Jan.) 1927. 
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Intertrochanteric Fracture of the Neck of the Femur—Under the 
title “An Epoch-Making Case of Fractured Hip,” Marble ** reports a 
case of intertrochanteric fracture in a woman, aged 65, who also had 
severe diabetes and arteriosclerosis. She developed an infection and 
died seven weeks after the fracture. At autopsy the fracture was found 
solidly united, with a large amount of callus. It had always been recog- 
nized that such fractures united readily, but it had been thought that a 
considerably longer period was required for healing than appeared in 
this case. Marble states that the result of this observation has been 
to shorten the period of fixation in similar cases from twelve weeks 
to six weeks. 


Operative Treatment of Fractures of the Shaft of the Femur.— 
Sherman °° discusses operative versus nonoperative treatment in frac- 
tures of the shaft of the femur. He believes that the objections to the 
plating operation are based on faulty surgical technic, imperfect asepsis 
and traumatism in handling tissues. He believes the operative method 
should be employed whenever it is impossible to secure “a reasonable 
anatomic restitution which will give a functional result permitting the 
patient to resume his former employment without disability.” He 
employs an entirely instrumental technic which includes the handling of 
sutures and ligatures. He emphasizes the importance of using machine 
screws, and some of the screws should transfix both cortical layers to 
obtain maximum fixation. The postoperative fixation consists in the 
application of a Thomas splint with Pierson knee attachment. Plaster is 
never used. Passive motion of the knee is started in three to four days, 
and thereafter active motion and physiotherapy are employed. A 
Thomas caliper weight-bearing splint is applied from seven and one-half 
to eight and one-half weeks after operation, and is worn for from 
two and one-half to three months. In his experience, the patients fre- 
quently return to light work in four to five months after injury, and 
resume their former occupation in six months. He never removes the 
bone plates except for cause. The technic described has Leen practiced 
for seventeen years. Ina series of seventy cases which he has followed, 
he has had only one death and that from embolism, no amputations, 
and no cases of nonunion. In two cases the plates had to be removed 
on account of infection, but both obtained excellent functional end- 
results. All patients have returned to their former positions without 
disability. No patient has ever claimed disability, and no compensation 
has been paid as a result of loss of function. The author quotes from 
the published end-results of other surgeons to show that traction methods 
give restiits much inferior to these. 


64. Marble, H. C.: Boston M. & S. J. 195:549 (Sept. 9) 1926. 
65. Sherman, W. O.: J. Bone & Joint Surg. 8:494 (July) 1926 
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[Ep. Note.—Some of the editors have visited Sherman’s clinic and 
have seen many of his late results. They have never seen such uni- 
formly perfect results in a large group of fractures of the shaft of the 
femur as he has shown. In Sherman’s hands the method works well, 
but the fact should be emphasized that he has had an enormous experi- 
ence and has been constantly perfecting his technic. In inexperienced 
hands the operation will yield disastrous results, and no surgeon should 
attempt to perform it without acquiring the entire technic. As far as 
the editors are concerned, they prefer to employ skeletal traction and 
the Thomas splint and reserve the use of the bone plate for the excep- 
tional case. It is to be noted that Sherman advises against open operation 
after the use of calipers because of the increased risk of infection. ] 


Fracture of the Condyle of the Femur—Bertocchi®™ reports a case 
of fracture of one condyle of the femur. In his case the fracture was 
of the posterior and lateral part of the external condyle. It was caused 
by violence transmitted from the foot when the knee was semiflexed. 
He explains that this is due to the fact that when the knee is semi- 
flexed the posterolateral part of the lateral condyle is the most directly 
in contact with the articular surface of the tibia, and also it is a part 
of the condyle which on account of its lamellar structure is susceptible 
to fracture. 

Avulsion Fracture of the Tuberosity of the Fifth Metatarsal Bone — 
Koch °* calls attention to the necessity in any case of sprain of the ankle 
of looking for an avulsion fracture of the tuberosity of the fifth metatar- 
sal bone. This is not an infrequent injury and may occur from direct 
trauma, but much more frequently from a sudden incoordinate con- 
traction of the peroneus brevis muscle as in arresting a sudden inversion 
of the foot. The injury is particularly likely to occur when a sudden 
exertion of the foot is required when standing on tiptoe, as may happen 
in athletic games. Careful roentgen-ray examination should be made 
in such cases. Confusion with the epiphyseal line or the os vesalianum 
should be avoided. 

DISLOCATIONS 


Dorsal Dislocation of the Metacarpophalangeal Joints of the 
Fingers.—Reporting the cases of two patients whom he has operated 
on with good results, Proske ** describes the dorsal dislocation of the 
basal joints of the second to fifth fingers. He distinguishes three 
different types: first, incomplete dislocation, in which the accessory 
ligament is only stretched or partly torn; second, complete dislocation, 
in which the ligament is completely ruptured; third, complicated dislo- 
cation, in which the ligament is displaced over the metacarpal head. 


66. Bertocchi, A.: Chir. d. org. di movimento 10:429 (April) 1926. 
67. Proske, R.: Beitr. z. klin. Chir. 86:528, 1926. 
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In the first two types reduction is possible by closed manipulation, but 
in the complicated form reduction can be obtained only by opening the 
joint capsule. 

Dislocation of the Carpal Semilunar Bone.—Farr ® publishes the 
results in twenty-seven cases of dislocation of the carpal semilunar bone. 
He emphasizes the necessity of early diagnosis, which can be readily 
made by roentgen-ray examination. In the early cases closed reduction 
is not difficult and gives excellent results. The end-result of unreduced 
dislocation is a considerable stiffness of the wrist, with weakness and 
pain over a long period. In young subjects a certain amount of this 
disability can be overcome, but a retura to anything approaching normal 
cannot be expected. In Monnard’s series of twenty cases immediate 
reduction gave the best results. There was a return of 90 per cent of 
motion and 85 per cent of power within nine weeks. Patients treated 
by open reduction gave the poorest results as regards function and 
power. Patients with late cases in which treatment consisted of excision 
showed about 56 per cent of motion and 57 per cent of power after an 
average period of seventeen weeks. 


Compound Dislocation of the Ulna.—Corrigan and Corrigan 
report a case of anterior dislocation of the ulna complicating a frac- 
ture of the lower third of the radius. The patient was injured as a 
result of backfiring while he was cranking his automobile. The crank 
handle swung round in the reverse direction and struck his arm on the 
posterior radial aspect. The dislocation was easily reduced after enlarg- 
ing the opening downward. The triangular fibrocartilage was not 
sutured. A good functional result was obtained. The condition is 
rare, and there are few references to it in the literature. 


[Ep. Note.—We have also seen this injury as a result of backfire 
injury, but the force was applied to the palmar surface of the hand 
in a dorsat direction, displacing the wrist and radius backward, away 
from the head of the ulna, the latter being caused to protrude through 
a wound on the anterior surface. | 

New Method for Reducing Certain Anterior Dislocations of the 
Shoulder —Newton * describes a method for reduction of a sub- 
coracoid dislocation of the shoulder, successful after all other methods 
had failed. He divides the procedure into four maneuvers: 1.. With 
the patient recumbent, the elbow of the affected side is grasped and 
lifted forward and upward until the arm is almost extended above the 
patient’s head. This relaxes the biceps, coracobrachialis and deltoid 
muscles. 2. Pressure is then applied to the elbow as in trying to make 


68. Farr, C. E.: Ann. Surg. 84:112 (July) 1926. 
69. Corrigan, S. H., and Corrigan, C. E.: Canad. M. A. J. (June) 1926, p. 689. 
70. Newton, V.: Brit. M. J. 2:157 (July 24) 1926. 
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the head of the humerus touch the table. At the same time the operator’s 
fingers are spread out on the back of the patient’s shoulder, the thumb 
in front pressing the head of the humerus downward, helping it travel 
back under the muscles whence it came. By this maneuver the head 
travels into a subglenoid position. 3. The patient’s arm is now brought 
down parallel with the trunk. 4. With the operator’s clenched fist in 
the axilla to act as a fulcrum, the patient’s elbow is approximated to the 
side, when the head of the bone reenters the capsule, and will be felt and 
heard to slip into the glenoid. 


RESEARCH 


Growth Disturbance Following Resection of Joints—Haas ** shows 
experimentally that ‘a careful resection of the joint of the knee, in which 
the entire articular cartilage and a thin layer of adjoining bone is 
removed, will cause practically no disturbance of growth in length. It 
is important not to injure the epiphyseal cartilage plate and to refrain 
from passing fixation sutures through the actively growing columns of 
cartilage cells. It is advisable not to strip up the soft parts too near 
to the epiphyseal cartilage plate because of the chances of injuring its 
blood supply and thereby causing some cessation in growth. 


Autotransplantation and H omoiotransplantation of Cartilage and Bone 
in Rats.—In a series of experiments on autotransplantation and homoio- _ 
transplantation of bone and cartilagé in rats, Loeb ** was able to demon- 
strate a definite correspondence between the degree of relationship 
between donor and host and the severity of the reactions against the 
transplant on the part of the host tissues, particularly as regards lympho- 
cytic infiltration and the invasion and replacement of transplanted fat 
tissues by fibrous tissues. With a greater genetic difference between 
host and transplant, there was in addition a necrosis of bone and of the 
bone-producing zone of proliferating cartilage cells. When the genetic 
difference is not great the regenerative function of the perichondrium is 
not interfered with; when the difference is great, the regenerative func- 
tion of the perichondrium is inhibited, though not entirely prevented. 


Réle of Bone Marrow in Regeneration of Bone.—In order to 
determine the part played by the bone marrow in the regeneration of 
bone, Willich * has performed a series of animal experiments. A gap 
was made in the radius or ulna by the removal of a portion of bone 
with its periosteum. These defects were then filled with bone tissue of 
different sorts. From a study of the reparative processes the following 
conclusions were reached: The bone marrow is the most viable of 


71. Haas, S. L.: Arch. Surg. 13:56 (July) 1926. 
72. Loeb, L.: Am. J. Path. 2:316 (July) 1926. 
73. Willich, C. T.: Beitr. z. klin. Chir. 186:102, 1926. 
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bone tissues. It rapidly forms young bone, and within a year com- 
plete regeneration has taken place. Compact bone without periosteum 
is rapidly absorbed except for small remnants, whereas with the peri- 
osteum the absorption is somewhat delayed. Without marrow and 
endosteum the regeneration is slow and incomplete. According to these 
experiments, marrow and endosteum are the most important materials 
in bone transplantation. 


Transplantation of Bone into Joints——Haas,"* believing that there 
has been no convincing proof or satisfactory demonstration of the 
growth of bone outside the body, has performed some experiments in 
which he transplanted pieces of bone inclosed in rubber tubing into a 
joint. He found that bone fragments placed in perforated rubber tubing 
and inserted into a joint remained viable and were able to produce suf- 
ficient new bone to form a union between the fragments. There was 
no evidence that the foreign bodies caused any injury to the articular 
cartilage. In all the experiments the foreign bodies became adherent 
to the synovial membrane. 


Removal of Particulate Matter from Joint Cavities —-Key ™ reports 
an experimental study of the mechanism by which waste material is 
removed from joint cavities. In the wear and tear of everyday use, bits 
of the cartilage or synovial surfaces are detached and set free in the 
synovial cavity. In order that joints.may continue to function normally 
some mechanism for the removal of this waste material is necessary. 
The material used for injection was Higgins’ American India ink, a 
coarse colloidal solution of carbon. The experimental animals were 
adult rabbits. The injections were made in both knee joints. The 
animals were killed at intervals of from 1 to 104 days after 
the injection. From his studies, Key concludes that the carbon 
was removed from the joint cavity by four different methods: 1. Some 
carbon passed directly through the synovial surfaces. 2. Some carbon 
particles entered the lining cells of the joint. 3. Some was phagocytosed 
by leukocytes and macrophages and carried out into the subsynovial 
tissues. 4. Fibrin clots containing carbon became adherent to the 
synovial membrane and were excluded from the joint cavity by a 
disappearance of the old synovia and ingrowth of new synovia across 
the free surface. An interesting observation was that some of the 
particles were carried into the interior of the bony substance by macro- 
phages within a few hours after injection. One wonders whether the 
same process may not also apply to invading bacteria. 


74. Haas, S. L.: Transplantation of Bone into Joints, Arch. Surg. 13:426 
(Sept.) 1926. 
75. Key, J. A.: J. Bone & Joint Surg. 8:666 (July) 1926. 
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Investigation of Strength of Certain Materials Used for Operative 
Fixation.—Lange “ has investigated the strength and elasticity of certain 
materials commonly used for autoplastic and alloplastic operations and 
has reached the following conclusions. The strength of the compact 
bone of the tibia is one-fourth less than that of beef bone. The strength 
of a tibial graft composed of cortex and spongy bone is three or four 
times less than that of beef bone. The absorption of a beef bone graft 
begins much later than that of a tibial graft, the latter reaching the 
maximum of mechanical weakness about twelve or fourteen weeks after 
the operation. For use in the femur or humerus the beef bone graft 
seems superior to the tibial graft on account of its greater strength. 
As the tibial graft surpasses the beef bone graft, however, in its bone- 
forming power, the simuitaneous use of both kinds of material may at 
times be desirable. Of the kinds of wire commonly used, Lange finds 
that iron wire has the greatest firmness, and the Krupp steel wire the 
greatest elasticity. Celluloid is about as strong as bone; repeated 
sterilization increases its strength, but decreases its elasticity. Silk 
has greater resistance than fascia. In general, alloplastic materials are 
shown to be stronger than autoplastic materials, and since there is. no 
greater risk attached to the use of one than the other, the former are 
to be preferred for purposes of operative fixation. The experience 
of the orthopedic clinic at Munich, where alloplastic materials have been 
used extensively, is cited to show that bad results from their use have 
not been encountered. 

[Ep. Note.—It should be pointed out that the factor of strength is 
only one of many factors to be considered in selecting the fixative 
material to be used in an operation. It all depends on the requirements. 
We are sure that autoplastic materials meet the physiologic requirements 
better than alloplastic materials, and for this reason they should have 
the preference whenever possible. } 

Infectivity of the Bursa in Hallux Valgus—A few years ago 
Wymer stated that in his opinion infection in wounds following opera- 
tions for hallux valgus was usually caused by organisms contained in 
the inflamed bursa. To establish the accuracy of this opinion Pick ™ 
has made a bacteriologic investigation of the contents of the bursa in 
a group of cases. The results were negative in all but three cases, in 
which the cultures showed the growth of a few cocci, in all probability 
the result of contamination. All the bursae which were examined 
showed marked evidence of inflammation, including redness, swelling 
and tenderness. He concludes that in general the contents of these 
bursae may be considered sterile. 


76. Lange, M.: Ztschr. f. orthop. Chir. 47:346, 1926. 
77. Pick, H.: Zentralbi. f. orthop. Chir. 54:70, 1927. 
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